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PREFACE. 



Since a series of artides on ^ The Water Question/ by 
the Author, appeared in the ^Building News/ frequent 
requests have been made that they should be reprinted 
in book-form. Those requests have now been complied 
with, and the Author has, at the same time, added much 
new matter, and rewritten some parts of the old. 

So large a subject could not be treated from the 
Author's own experience alone, and he has freely 
referred to such sources of information as were avail- 
able to him, for those parts of the subject which did not 
come immediately within his own experience. But, for 
the most part, the information is deriyed from direct 
observation during a period of about thirty years. 

The authorities referred to are, it is hoped, fairly 
quoted throughout; at least it has been the desire of the 
Author not to assert as of his own observation that which 
is due to the statements of eminent engineers. 



Leominster. 
May, 1888. 
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SECTION I. 

Embankments of Waterworks-reservoirs. 

Eeservoir embankments in general are made with the 
materials fonnd on or near the site, be they earth, shale, 
or stone. With earth or shale ihe English practice makes 
the watertightness of a reservoir dependent on a wall of 
puddled clay, carried up in the centre of the embankment 
from retentive ground below its seat. The thickness of 
the puddle wall varies from 4ft. to 8ft. at the top, and at 
the bottom it is as much more as is required for a batter 
on each side of an inch to every foot in height. But it is 
not good practice to make the thickness of the puddle wall 
at the top so little as 4ft., and 6ft. is the least dimension 
that ought to be given to it, increasing beyond this, 
according to the quality of the clay, to 8ft. in perhaps 
most cases. Thus, where the height of the bank is 24ft., 
the thickness of puddle at the bottom would be 12ft., or 
half tte height. Where the height is 48ft., the thickness 
would be 16ft., or one-third of the height; and it has 
been recommended to make the thickness one-third of the 
height also in high banks, and this would be, for a bank 
96ft. in height, 32ft., although, according to the pro- 
portions above stated, it would be 24ft., or, in this case, 
one-fourth of the height. 

Puddled clay, upon which the watertightness of reser- 
voir embankments has for so long a time depended, since, 
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at least, tlie time of Brindley and canal-making, has come 
to be regarded with disfavour and distrust where it is 
itself exposed to the action of water or of the air. When 
some canal-makers complained to Brindley that they could 
not stop a run of water, his advice was to " puddle it, 
puddle it"; and the good reputation which puddle has 
always had in waterworks-engineering led at one time to 
its careless use, and it was solely depended upon for the 
watertightness of reservoir embankments, which, however, 
was not always effected. 

Certainly, some resei'voir embankments have been made 
of very great height, and they have stood safely, and there 
is no apprehension whatever that they will not always 
continue so, with, of course, due attention to the outer 
parts, to repair the continued action of the weather — frost, 
thaw, rain. But these embankfnents have been well- 
made, not only in the core, which is formed of puddled 
clay from end to end of the bank, like a wall, but on each 
side of it ; on the inside to prevent the water in the reser- 
voir having access to it in any considerable body, and on 
the outside to prevent the water with which the puddle is 
made being drawn out of it, whether by evaporation or 
capillary attraction, by which it might become gradually 
dried, and the cracks which would be consequently formed 
might extend so far into the wall as to reduce its virtual 
thickness materially. Eough stone, for instance, or earth 
loosely tipped in, would admit the air to it, and the water 
incorporated with the puddle would continue to evaporate 
as long as the air itself was not saturated with moisture. 

Puddled clay does not readily part with the water with 
which it is incorporated, and not at all if the outer and 
drier air is wholly excluded from it ; but this can only 
be done by placing against it a compact material. On the 
other hand, in the presence of water having any motion, 
it easily dissolves — melts away ; and the best puddle for a 
wall — ^that is, the closest in texture — ^melts the soonest under 
this action; nevertheless, it is absolutely necessary that 
puddle should be so worked as to bring it to a close tex- 
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tnre ; but at its best it is porous, and if water has access 
to it under great pressure, it is only a question of degree 
how much water will be forced through the puddle wall. 
In the first place, a great deal of water is used in making 
it ; dry clay will absorb nearly a third of its own weight 
of water ; and if it be taken, not in a purposely dried state, 
but in a naturally dry state, it will absorb, in the process 
of puddling, say an eighth or a sixth of its weight of 
water. Thus, water acting under pressure on one face of 
a puddle wall tends to force water out on the other side, 
being itself incompressible, and the quantity it can force 
through in a given time is limited only by the smallness 
of the pores and the length and tortuousness of the course 
which a run of water must follow. It is, therefore, highly 
important to protect the puddle from contact with water 
under great pressure. It might almost seem that if it 
requires so much protection it can be of little use, and that 
it might be dispensed with altogether ; but this extreme 
would be as unwise as that of depending solely upon it 
without precautions; and as it is so readily procurable, 
it remains still a necessary material for waterworks- 
reservoirs. 

There are two kinds of puddle — clay puddle and gravel 
puddle — ^proper to be used for different purposes, or rather 
in different positions for the same purpose of watertight- 
ness; the one consisting of clay only, the other with 
stones incorporated. When there is a liability to a wash 
of water, stones are necessary to hold the clay together, 
and of stones rounded gravel-stones are the best, besides 
being generally the more easily obtained, inasmuch as 
they are more uniformly dispersed through the mass of 
clay than angular stones can be in the process of working, 
which is by cutting and cross-cutting with long-bladed 
tools, reaching down at every stroke, through the layer of 
clay being worked, into the puddle beneath it. The tool 
slips past a rounded gravel-stone without much disturbance 
of the adjoining clay ; but angular stones, when struck by 
the puddling tool, have a tendency to congregate together. 

B 2 
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Oravel puddle is proper to be used where weights have to 
be sustained, as for the walls of a service reservoir. Clay 
puddle can hardly be worked stiff enough to support the 
weight, which squeezes the clay outwards and upwards, 
and there is an inconvenient settlement of the wall ; but 
with gravel puddle the weight can be sustained and water- 
tightness effected also, because with a mixture of gravel 
the puddle can be worked stiffer. 

The sketches given below which are numbered 1, 2, 
and 3, show respectively a longitudinal section, a plan, 
and a cross-section of an embankment formed of earth, 
with a puddle-trench and wall. The trench is shown to 
be cut straight down, so that the bottom is as wide as 
the top, and the advantage of this over sloping sides is 
that, in case the ground should not prove watertight at 
the depth anticipated, the trench may be carried down to 
any further depth. The trench is filled in with puddled 
clay up to the surface of the ground, above which, up to 
and above the top-water level of the reservoir, the puddle 
is continued as a wall, having a batter on each side of lin. 
to a foot, and finishing 8ft. thick at the top ; 4ft. is not 
a sufficient thickness, 6ft. is sufficient with precautions, 
but 8ft. is advisable ; if, however, there be the means of 
placing a nearly watertight mass of earth next the 
puddle, as B B on the sketch, the thickness of the top of 
the puddle may be 6ft. 

In the longitudinal section, Fig. 1, the bottom of the 




Fig.l. 

puddle-trench is cut into the hill-side as far down as to 
pass through loose or fissured ground to a water-tight 
bottom, which is often found nearer the surface on one 
side of the valley than on the other. That side should be 
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chosen for the discharge-pipe or culvert, but it cannot 
always be determined before the puddle-trench has 
been cut. 

On the plan, Fig 2, A B is the original course of the 




stream ; C D, the two ends of the embankment ; E F, an 
open channel, cut near the bottom of the reservoir; 
F G, the discharge-pipe, laid in the solid ground ; some- 
times laid in a ciQvert of masonry, itself laid in the 
solid ground. GH, an open channel; H, the gauge- 
basin ; I, the waste- weir ; I K, the bye-wash. 

The discharge-pipe has a valve on its inner end, at 
F, and it is necessary to erect a tower of some kind, from 
the top of which it can be worked. Access to the top of 
the tower is procxired by means of a bridge, either from 
the top of the embankment or from the side of the reser- 
voir, as shown in the sketch. When the puddle-trench is 
everywhere sunk below the level at which the water is 
drawn off, the discharge-pipe is taken round the end of 
the bank, instead of direct from F to G, for the sake of 
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being in tlie solid ground, and a tunnel is then preferable 
to an open trench, as shown by the dotted line F, M, N, G, 
shafts being sunk at M and N. It may not be quite justifi- 
able to put the preference of a tunnel on the less dis- 
turbance of the ground, for with careful timbering, perhaps 
less disturbance would occur with an open trench. The 
open trench can, at least, be closely filled in again, which 
• cannot be said with certainty of the space between the 
' crown of a tunnel and the earth above it. 

Although tunnels have of late been much advocated 
instead of culverts, it would certainly be unwise to 
adopt them in every case. In every case, however, 
there is a necessity for a tower or valve-well, for a valve 
cannot be satisfactorily worked with sloping rods, and 
because it is absolutely necessary to place a valve on 
the inner end of a discharge-pipe, if any regard at all be 
had to the safety of the reservoir. Certainly, discharge- 
pipes have been laid under embankments, which have 
had no valves at the inner ends, the discharge being 
controlled at the outer ends, at the foot of the embank- 
ment; but considering that a cast-iron pipe, if of large 
size, may be broken by the external pressure of the earth, 
and that, whatever the size, it is subject to leakage at the 
joints, where it cannot be got at for repair, this method 
will not bear repetition. A valve, then, being necessary 
at the inner end of the discharge-pipe, and a tower for 
access to it, it becomes desirable to draw off the water, 
not from the bottom of the reservoir, where it is muddy, 
but as near the top, at all times, as is practicable, and the 
tower affords facilities for the insertion of a short pipe 
through the wall at as many different heights as may be 
desired. 

Instead of placing the tower or valve-well in the 
reservoir at or near the foot of the slope of the embank- 
ment, it has been sometimes placed almost in the middle 
of the bank, close to the puddle wall, and the water 
is conducted to it by a culvert from the foot of the 
inner slope of the embankment; but this position does 
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not afford the facilities of drawing off the water at 
different heights that the exposed tower does. 

With a good masonry ciQvert or tunnel of sonnd bricks 
or thick stonework, a pipe in addition seems superfluous, 
where the reservoir is constructed for one discharge only ; 
but if it be so situated that two discharges are required 
from it, one, for instance, for a town supply, and another 
for the stream itself, the continuation of the supply-pipe 
Tip to the valve-tower, through the culvert or tunnel, is 
necessary, the discharge to the stream running on the 
bottom of the culvert or tunnel beneath the supply-pipe, 
which is supported from side to side so as to leave room 
beneath it for the stream discharge. The quantity given 
to the stream, under these circumstances, is usually 
required to be open to inspection by turning it over a 
gauge-weir to a depth agreed upon, the length of the 
gauge being fixed, by which the quantity being dis- 
charged can be ascertained for the satisfaction of millers 
and others interested in the stream. 

The waste-weir and bye-wash are shown in the sketch 
on the opposite side to the other works, but, according to 
circumstances, they may be on either side. They are 
very important parts of the work, for when the reservoir 
is f^ at a time of flood nearly all the water must pass 
that way, and therefore not only must the length of the 
waste-weir be sufficient to prevent the flood rising to a 
dangerous height against the embankment, but the bye- 
wash must be so constructed that it will not be torn up 
by a great body of water rushing down so steep a channeL 

In the cross section, Fig. 3, A is the puddle-trench and 




wall ; B B, material selected from that excavated as being 
the most easily compacted; C C« a rough stone bank 
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necessary for the outer slope, and advisable also for the 
inner; DD, the rest of the material excavated, except 
peat. This is a material which, although sometimes 
abundant on reservoir sites, is very objectionable in an 
embankment, even in small quantities. 

The top of the embankment, when consolidated, ha& 
usually been made from 4ft. to 6ft. above the top water 
level, and in situations much exposed to high winds not 
less than 6ft. ; for a gale of wind blowing down the 
reservoir rolls against the face of the bank waves of con- 
siderable height, and this may occur when the reservoir 
is more than full, and water going over the waste-weir at 
a depth of, perhaps, 2ft., thus reducing the clear height 
to 4ft. 

The width of the top of the bank has usually been 
made from 12ft. to 24ft. The proper width is determined 
by the considerations of whether or not a roadway is 
required to be made along it, and what width the jiuddle 
wall is to be at the top. Leaving out of consideration 
the question of roadway, which must be always a local 
requirement, the width necessary to properly enclose and 
protect the puddle wall is about twice the width of the 
top of the puddle wall itself. 

The safety of a reservoir embankment does not depend 
upon one thing only, as upon the perfection of the pud- 
dling, but equally upon several others, chief amongst 
which is the consolidation of that part of the bank which 
lies within the puddle wall, and into which, therefore, 
water would penetrate if not prevented, and this preven- 
tion depends chiefly upon the thickness of the layers of 
earth with which the embankment is raised. •• Thin layers 
are always desirable ; but. the maximum thickness which 
may be allowed depends on the material and the means 
by which it is deposited in the bank. A heavy and dry 
material may be deposited in thicker layers than one of 
less specific weight, with equal effect in both cases in 
forming a solid bank. The thickness allowable has been 
variously stated at 6in., 12in., 18in., and 2ft. 
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Where the chief consideration has been the urgent pro- 
gress of the work to meet a demand for water, as was the 
case when, in order to meet the demands of the approaching 
summer the embankment of the reservoir on the Dale Dike 
at Bradfield was urged forward by the Sheffield Waterworks 
Company, in the early part of the year 1864, and which 
burst in March of that year ; the earth forming the bank 
on each side of the puddle wall had been tipped from rail- 
waggons at a height of 6ft. or 6ft., and more ; but few 
waterworks engineers would sanction that, except for the 
outer part of the bank, and even for that part it is too 
high, because the large and small rock are not evenly 
mixed ; the large lumps roll to the bottom of the tip and 
form a layer there of themselves ; the finer stuff lying 
together upon the coarse layers; whereas, to prevent 
slipping, which is one great object of all the precautions, 
the large and the small should be as evenly mixed as is 
practicable, except in those parts where material is pur- 
posely selected to be deposited, fine in one part and large 
in another, for different purposes. If the material tipped 
into the bank were all stone, the rolling of the large lumps 
into a separate layer would be less objectionable; and» 
indeed, with stone for the material it might even be an 
advantage that the layers should be so arranged, for the 
one would drain the other, and the bank, as a whole, 
would retain less water than it otherwise would do ; but 
with other materials, such as shale, whether blue or dark, 
or, indeed, any material but stone, the same object woiQd 
not be effected. 

In making the inner part of the embankment of a reser- 
voir the object is to make it as compact as possible to 
prevent the water reaching the puddle wall, and, there- 
fore, the material should be small and clayey ; but in the 
outer part of the bank dryness and stability are the chief 
objects, for which larger and harder material is more suit- 
able. The inner slope of an embankment is usually made 
flatter than the outer slope, as 3 to 1 inside and 2 to 1 
outside, for the inner part of the bank is more liable to 
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slip than the outer. When the water-level in the reser- 
voir is reduced, if the inner part of the bank has been 
penetrated by water and become partially saturated, slips 
are more likely to take place, and the flatter slope meets 
this tendency ; but outside, with dry materials, 2 to 1 is 
as good a slope as 3 to 1 inside. As a further precaution 
against slipping it is desirable to keep up the outer parts, 
next the slopes, higher than the inner parts next the 
puddle wall, as in Fig. 4. 



IHHIH SLOPE 




Fig. 4. 

If rail-waggons be used at all, it is desirable that they 
should be of small size, to hold, say, not more than one 
cubic yard ; but if waggons be allowed, there will always 
be a tendency on the part of those who do the work to make 
the tips high and the layers thick, to avoid much shifting 
of the rails if possible, and especially by the use of side- 
tip waggons ; but if the instruments for carrying the stuff 
into the bank be confined to barrows, dobbin-carts, and 
common one-horse carts, it does away with this tendency 
in a great measure. When large waggons are advocated, 
it is asserted that the greater weight and the heavier rails 
compensate for the greater height of the tips, and so an 
equally good consolidation of the earth is effected. The 
degree of consolidation, by the weight of the instrument 
by which the earth is transported, admits of proof. In 
respect of any one square yard near the middle of the 
bank, lengthwise, the consolidation of the one immediately 
preceding it may be shown as follows : — Premising that 
whatever the thickness of the layers, variation in weight 
of the different kinds of earth, or time of construction, the 
degree of consolidation by the weight of the carrying 



CONSOLIDATION OF THE EMBANKMENT. H 

instrument must be in tlie inverse ratio of the weight 
carried each journey, the weight of the instrument being 
reckoned twice, going full and returning empty. 

Thus, if «7 = weight of earth carried, and W = weight 
of instrument carrying it, 

— i— = degree of consolidation. 

The actual weights of different kinds of earth vary 
much; but, for the purposes of comparison, an average 
weight of 26001b. per cubic yard may be taken, or 961b. 
per cubic foot, and the effect of the carrying instrument 
may be stated thus : — 

Barrow 651b. 

Proportion of length of plank road . . . . 15 

Wheeler 150 

Road-sbifter 140 

Earth, i; 0. ft. at 961b. per c. ft 160 

530 
BetnmlDg empty 370 

Mean consolidating weight 4501b. 

450 
Degree of consolidation = j^t. = 2*81. 

The quantity of earth which a dobbin-cart will hold 
may vary from | cubic yard to \\ cubic yard, and may be 
taken at an average of 1 cubic yard, and its weight at 
lOcwt. 

DOBBIN-CART 1,1201b. 

Horse, lOcwt 1,120 

Driver 130 

TwoTipmen 280 

Earth, Ic. yd 2,600 

5,250 
Betoming empty 2,650 

Mean consolidating weight .. .. .. 3, 9501b. 

Degree of consoUdation = |4s^ = 1*52. 
2,600 
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Common CART, 12 cwt 1,3441b. 

Horse, as before 1,120 

Driver 130 

TwoTipmen 280 

Earth, Ic. yd 2,600 

5,474 
Returning empty 2,874 

Mean consolidating weight 4,1741b. 

Degree of consolidation = V-J^i. =• 1-60. 
^ 2,600 

Eail-waggons holding one cubic yard are very handy- 
things for shifting earth. If the gauge of the rails be 
3ft., and the waggon held one cubic yard, its weight will 
be about 10001b. The weight of a proportionate length of 
rails and sleepers will be about 1201b., and the statement 
will stand thus : — 

Small RAiL-WAC»G0N 1,0001b. 

Proportion of length of rails and sleepers 110 

Horse 1,120 

Driver 130 

TwoTipmen 280 

Earth, Ic. yd 2,600 

5,240 
Betuming empty 2,640 

Mean consolidating weight 3,9401b. 

3,940 
Degree of consolidation = 2~«oo ~ I'^l* 

The consolidating effect of a two-yard waggon is less, 
thus: — 

TWO-YABD WAGGON 1, 6001b. 

Proportion of length of rails and sleepers 140 

Horse, 11 cwt 1,232 

Driver 130 

Three Tipmen 420 

Earth, 2 0. yd 5,200 

8,722 
Betnming empty 3,522 

Mean consolidating weight 6,1221b. 

6 122 
Degree of consolidation = ^^ =1-18. 
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These differences of degree are small when compared 
singly; but when it is considered how often they are 
repeated, the difference becomes very great in the whole. 
All other reasons for making the inner part of an embank- 
ment very compact are strengthened by the consideration 
that when it is so, the pressure of the water in the reser- 
voir takes effect upon the bank in a direction perpen- 
dicular to the slope j but if water penetrates it the pressure 
is horizontal. 

Within the century two reservoirs have burst — ^viz., 
Bradfield and Holmfirth — ^and Mr. Bateman* referred to 
these in a discussion on Tunnel Outlets at the Institution 
of Civil Engineers, and said that the Holmfirth reservoir 
which burst in 1852 was never filled except on the single 
occasion on which it burst. The water escaped through 
the fissures of the rock on which the embankment was 
constructed, and gradually washed it down in such a way 
that the top of the embankment was lower than the waste- 
weir, and when an extraordinary flood came it passed over 
this low part of the bank and carried the whole away. 
The Bradfield embankment was constructed on ground 
liable to slide down upon the face of an underlying flag 
rock with a smooth surface. But, besides this, the inner 
part of the bank was of very loose material, and the pres- 
sure would be horizontal, the puddle wall and the outer 
part of the bank having to bear the whole pressure of the 
water in the reservoir because the inside slope was per- 
meable by water. The puddle trench was sunk through 
the flag rock into the shale below, but there, on the out- 
side, lay the flag rock at an inclination of 1 in 4 as smooth 
as polished marble, and when the pressure came against 
the puddle wall the whole thing gave way. 

That was the opinion of Mr. Bateman given in 1879. 
He was on the spot immediately after the accident, but 
did not then give any opinion at the local inquiry. 
Mr. Eawlinson's opinion was different. There were two 
lines of 18in. cast-iron discharge-pipes laid side by side 
in puddle in a trench excavated in the rock, but above 
♦ J. F. Bateman, Esq., F.R.S., M.Inst.C,E. 
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the bottom of the main puddle trench "where the pipe& 
crossed it, and Mr. Eawlinson's* opinion was that the 
joints of the pipes were opened by reason of the surround- 
ing puddle sinking in the middle, and allowing water 
to creep along outside the pipes and so make a beginning 
of a more serious run of water, as there were no valves on 
the inner ends of the pipes, and if such a beginning wa& 
made the run of water coiQd not have been controlled, the 
valves being at the foot of the outer slope of the embank- 
ment. Mr. Beardmore, who together with Mr. Eawlinson 
conducted the inquiry, concurred in this opinion. 

But there is another way in which the water may have 
been let out of the reservoir, and for the purpose of stating 
it the construction-in-chief of the embankment may here 
be recapitulated. 

It w£is 95ft. high, had a top width of 12ft., and slopes 2^ 
to 1 both inside and out. The puddle trench was sunk to 
the depth of 60ft. to watertight ground. The thickness of 
the puddle wall was 18ft., diminishing to 4ft. at the top, 
but it was very well made. The earth, however, forming 
the bank on each side of it was tipped from rail-waggons 
at a height of 6ft., and more. The breach in the bank 
was 100 yards wide and 70ft. deep, and 90,000 cubic yards 
of earth were carried away by the water in thirty or forty 
minutes out of a total quantity in the embankment of 
406,000 cubic yards. This breach was near the middle of 
the length of the embankment. The portion left standing, 
on the north side, presented this appearance a few days 
after the accident : — 

Now, considering that 

the place where this ap- 

pearance was presented 

was fifty or more yards 

from the middle of the 

breach, the slip which was 

-,. - here apparent — the tail 

end of it as it were — ^was, 

probably, a very great one at or about the middle of the 

♦ Sir Robert Bawlinson, C.B., M.Inst.C.E. 
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bank, and sufficient to withdraw from the inside of ih& 
puddle wall the whole of the earth which supported it 
against the pressure of the outer part of the bank. If 
this earth slipped away from the puddle wall for any 
considerable length and depth, it would almost certainly 
follow that the top of the puddle wall would fall inwards,, 
and if only a few feet in height of the upper part of the- 
puddle wall fell in it would let the water begin to flow 
out and down the outer slope of the bank, and, of course,, 
the action would go on with quickly-increasing effect, 
until, in a short time, it woiQd seem to go all at once. 

But whatever inference may be drawn from it, the^ 
slip was a fact to the extent shown in the sketch above. 
Now what was the cause of the slip? The material of 
the bank was chiefly shale— the dark shale of the coal 
measures — but this is rather a good than a bad material 
for the purpose, being largely composed of thin, indurated 
beds of rock. The slip then probably occurred by 
reason of the large quantity of water which found its- 
way into the bank, the upper portion of it having been 
raised quickly for the purpose before stated. In the lower 
portion of an embankment the area is so large that the 
earth is almost necessarily spread out in thin layers, and 
the bank is therefore raised by slow degrees, but near the 
top, as the width diminishes, progress upwards is more; 
rapid. 
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SECTION II. 

Quantity op Water to be Stored. 

The capacity of a reservoir to control tlie flow of "water 
from a given area of ground used formerly to be calcu- 
lated on the basis of a proportion of the average rainfall, 
as two-thirds, one-third being deducted for loss by evapo- 
ration and absorption, but it was found by further ex- 
perience that the loss could not in all cases be taken as 
any certain proportion of the average rainfall, although 
in many cases one-third was a near approximation. In 
the case of reservoirs the capacity of which had been 
calculated on the basis above named, it was occasionally 
found that some of the water came down to the reservoir 
when it was full or nearly so, and passed over the waste- 
weir beyond control, and, consequently, that instead of 
the reservoir being fall at the commencement of a drought, 
it was sometimes considerably below the top- water level 
at such times, and that the quantity stored did not keep 
up the required daily supply for a sufficient length of 
time. 

The storage capacity of a reservoir large enough to 
equalise the flow of water over a long drought, or two or 
three shorter ones with intervening winter rains of less 
than the usual amount, and so that the annual rainfall is 
made to yield its daily average quantity throughout long 
periods of time, can be found when the past rainfall daily 
for a long time has been ascertained, the number of dry 
days in the future being assumed to bear the same relation 
to wet ones as they have done hitherto, and that the past 
average yearly quantity of rain will continue the same ; 
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then the capacity of any reservoir may be found, being 
measured by the longest period of defect of supply into 
and discharge ont of the reservoir. 

The rainfall of a long series of years mnst be con- 
sidered in connection with that of a short series of dry 
years, as three or four. When a table of the rainfall of 
any locality, extending over a long series of years, is ex- 
amined, it is found that the mean depth of three con- 
secutive dry years is about one-sixth less than the general 
average. The wettest year has a rainfall about half as 
much again as the general average, the driest year one- 
third less, and the mean of the driest three consecutive 
years one-fifth less, than the general average. 

Thus in some years a great deal of water passes off the 
ground by the streams to the sea which cannot be stored. 
Mr. Hawksley* stated before the Eoyal Commission on 
Water Supply, which sat in the year 1868, that gaugings 
of the actual quantity of water going over the waste- 
weirs of reservoirs show that it is about one-sixth of the 
quantity due to the average rainfaU, and this agrees 
with deductions from the tables of rainfall, showing that 
reservoirs of the capacities of those which permitted one- 
sixth of the general average rainfall to pass over the 
waste-weirs do not deal with more than the average 
depth of three consecutive years of least rainfall. In 
these cases therefore one-sixth of the average must first 
be deducted, then the loss by evaporation, &c., and the 
depth remaining will represent the available quantity 
upon which the capacity of a reservoir may be calculated, 
according to the number of days' storage required. 

A great portion of the water yielded by light rains is 
absorbed into the ground, and neither flows directly off 
the ground by streams nor sinks far into it to issue again 
in springs, but is evaporated, partly from the surface of 
the ground itself, and partly from the leaves of the 
vegetation into which it enters, only a small part being 
left in the vegetation itself, the greater portion of the 
* T. Hawksley, Esq., F.R.S., M.lDst.O.E. 

C 
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water whicli enters into it being evaporated from its 
multitudinous surfaces. 

The annual depth of rain which in this way does not 
contribute to the streams varies with the nature of the 
ground on which it falls, being least on a non-absorbent 
and precipitous area such as mountains of slaty rocks of 
c»ld geological formation. The longer the time the water 
takes to reach the reservoir the more of it will be lost, 
and besides the difference caused by the declivity of the 
ground the quantity evaporated depends on the humidity 
<T dryness of the air of the locality, and this latter con- 
dition varies much in different parts of the country. The 
depth of rainfall which does not contribute water to the 
streams at the sites of reservoirs varies from 9in. to 18in, 
in different parts of the country. 

The number of days' storage a reservoir for the water- 
supply of a town should contain varies with the average 
annual depth of rain and also with the frequency with 
which it falls. Mr. Bateman, in his evidence before the 
Commission already named, said that whereas 120 days' 
storage would be sufficient on the western side of the 
country and some other parts, where the rain falls on a 
great number of days in the year, 240 days' storage 
would be required on the eastern side of the country, 
where the rainfall is both less in depth and less frequent, 
and it has been estimated that in certain situations on 
these sides of the country respectively 150 and 300 days' 
supply would not be too much. 

For the sake of illustration we may take an instance 
where the average annual rainfall is 42in, Deducting 
one-sixth, 35in. would be the depth to be reckoned upon, 
and supposing the depth allowed for loss by evapo- 
ration, &c., to be 14in. the available depth would be 
21in. ; and, in the absence of exact measurenxents in 
every part of the area from which the water from time to 
time flows, that depth of 21in. must be supposed to 
extend over the whole area, if it is not of inordinate 
extent. 
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Where the area is very extensive, that depth of rain- 
fall may not extend over the whole of it, and this may 
have been one of the reasons why expected quantities of 
water have sometimes not been yielded by a drainage area 
of given extent ; but it is the nearest approximation to 
the truth which can be made, and some concession towards 
it may be considered to be made in deducting one-six^h 
from the tnown average rainfall of a few places within 
the area, although in some cases that quantity has been 
found to pass actually over the waste- weirs, thus furnish- 
ing a direct proof that with such reservoir-room as has 
been there adopted that part of the water could not be 
stored. 

When, as is the case sometimes, large areas are dealt 
with, the available quantity of water is conveniently 
reckoned per thousand acres of the watershed area. Upon 
1,000 acres an available depth of 21in. would yield an 
average daily quantity of 

1.000 X 43.560 X 1-75 ^ 2O8.8OO cubic feet, of whicli 

, 365 
about two-thirds might be used for supply to houses, 
manufactures, or for power away from the stream, or for 
irrigation, leaving one-third or thereabouts to the stream 
itself; or rather, this latter would be first apportioned, 
leaving two-thirds for other purposes, and the apportion- 
ment would stand thus — 

One-third = 69,600 cubic ft. per day to the stream. 
Two-thirds = 139,200 „ 

6i 



870,000 gallons per day for supply, and 
so on per 1000 acres, within limits defined by our know- 
ledge of the real average rainfall over any area, the cer- 
tainty of the calculated average increasing with the 
number of places of observation over a given area, but 
becoming too uncertain for use when the area is very 
large and the places of observation few. 

The quantity above set down for the stream would 

c2 
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render it more powerful in dry weather than it would be 
without a reservoir. The average flow of the stream in 
this case during dry weather would probably not be more 
than two-thirds of the quantity above stated, for measure- 
ments of the dry- weather flow of streams show about 30 
cubic feet per minute per 1000 acres of the drainage area. 

This, no doubt, varies with the nature of the ground 
from which the water flows, being greater or less as the 
ground is more or less absorbent. Where the ground 
in the upper and middle portion of a river-basin consists 
of chalk, oolite, or sandstone the dry-weather flow forms 
a larger part of the whole quantity flowing off the ground 
than where it is of hard and impervious rocks, with the 
steeper surfaces which always accompany those harder 
rocks ; and the kind of ground which affords a medium 
dry-weather flow between these extremes is that which 
consists of alternate formations of sandstone and shale, 
or of oolite and lias clays, in either case covered in parts 
with clay and gravel. 

The rainfall observations, if sufficiently numerous, will 
show on an average of years that where the annual 
quantity is great the number of rainy days is greater than 
in those parts of the country where the rainfall is com- 
paratively small [this is not, as it might seem to be, a 
necessary consequence], and so, although more water per 
day is discharged from a reservoir per 1000 acres of its 
drainage area in the former situations than in the latter 
ones, the loss of water is of tener replenished, and in propor- 
tion to the frequency of this action the capacity of the 
reservoir may be smaller. 

The experience in England during the last twenty-five 
or thirty years has been that, in order to equalise the 
flow of water day by day during three or four consecu- 
tive years of least rainfall, the capacity of a reservoir 
should be sufficient to yield about 120 days' supply where 
the rainfall is frequent, and 240 days' where it is infre- 
quent ; but it is here assumed that the reservoir is full 
at the commencement of a drought, whereas it may not 
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be so if the previous winter's rain has not yielded a sur- 
plus over the regular supply sufficient to fill up the re- 
servoir completely, and in this view the capacity should 
be increased perhaps to 150 days' supply in the one case 
and "ioO days' in the other. 

From an examination of Mr. Symons's * annual records 
of rainfall it appears often that nearly as many rainy 
days occur in the southern and eastern counties as in 
the western and midland counties, although the rainfall 
in these is much greater ; but the days set down as rainy 
in the records include all those on which one-hundredth 
of an inch of rain has fallen, and this is so little that 
it often adds nothing to the run of the streams. The 
rainy days, the frequency of which afifects the capacity 
of storage reservoirs, are not numerous. 

If in the example where 21 in. is the available annual 
depth of water over the initial area of 1,000 acres, the 
proper number of days' supply were, from its position, say 
180, the capacity of the reservoir would be 

208,800 X ISO = 37,684,000 cubic feet. 
Deducting the dry-weather flow due to 1,000 acres at the 
rate of 30 cubic feet per minute, that is 7,776,000, there 
remains 29,808,000, or say 30 million cubic feet, as the 
capacity of the reservoir, which is at the rate of 30,000 
cubic feet per acre of the watershed area. 

Whether the dry-weather flow of the drainage area 
should be deducted from the capacity of a reservoir in the 
manner already stated, will depend upon the method by 
w^hich the number of days' storage is arrived at ; whether 
npon the basis of (1) the rainfall table, showing the 
absolute length of time during which no rain has fallen ; 
or (2) upon the stream gaugings, showing the daily 
quantity reaching the site of the reservoir ; or (3) upon 
the difference between two quantities, one of which is the 
quantity of water in an existing reservoir at the com- 
mencement of a drought, to which is to be added the 
quantity coming into the reservoir during the drought, 
C * G. J. Symons, Esq., F.K.S., F.R.Met.Soc. 
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whether from springs or casual rainfall — and the other 
quantity is that which has been discharged during the 
drought, as ascertained by the daily sinkings of tbe 
water-level of the reservoir, in which case it is evident 
that the total quantity is dealt with on either hand, and, 
therefore, no deduction can properly be made. 

But this method is true only of that reservoir, unless 
the dry-weather flow, where it is proposed to make a 
new one, is the same, area for area; whereas by the 
other method the rule becomes general, atid is applicable 
alike to cases where the dry- weather flow is large, com- 
paratively, and where it is small. It is, therefore, better 
as a method, although the other is more exact for a 
particular case already existing. The dry-weather flow 
of the stream at the site of the reservoir is made up of 
the numerous small springs issuing within the drainage 
area, produced because of the absorbency of the ground 
during wet weather, and its yielding of the absorbed 
water gradually, and to this extent of the diy-weather 
production the drainage ground is essentially a part of 
the reservoir, and for this reason the quantity should be 
deducted frgm what would otherwise be the necessary 
capacity. 

Were the ground wholly impermeable there would be 
no run of water in dry weather, and, in that case, the 
capacity of the reservoir itself would need to be so much 
larger ; but where, as is assumed in the example, there is 
a dry -weather flow which, on the average, during a 
drought, is equal to 30 cubic feet per minute per 1,000 
acres, ihat quantity may be deducted from the calculated 
storage-room in order to arrive at the actual capacity of 
the reservoir. The quantity so deducted belongs to the 
reservoir, and is, in fact, part of the yield reckoned upon 
in the available depth assumed, as, in the case adduced, 
21in., and whether it be conducted past the reservoir and 
form part of the supply, or it run through the reservoir 
and form part of the discharge into the stream, makes no 
difference in the reservoir-room proper, to be provided; 
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"but where the number of days' supply to be stored is 
founded on the length of a drought as ascertained from 
the rainfall returns, the dry-weather flow ought to be 
deducted. But the formation of the ground on reservoir 
sites varies much, so that any rule of this kind gives only 
an approximation to results in particular cases. 

The height of the top of the embankment above top- 
water level is often 4ft. in small reservoirs and 6ft. in 
large ones. Where the depth of water at the site of the 
embankment does not exceed about 30ft., the top of the 
bank may usually be 4ft. above top-water, or the level of 
the waste- weir. With a depth of from 30ft. to 50ft., the 
top of the bank* may be 5ft. above that level, and where 
the depth is 60ft. and upwards, the height should be 6ft. ; 
but it somewhat depends upon the direction in which the 
reservoir lies lengthwise, and to its exposure to gales of 
wind. Irrespective of this, a certain height is neces- 
. sary to meet a flood which may raise the water-level 
above the waste-weir, and as a matter of prudence and 
safety the waste-weir should be of such length as to pre- 
vent the water rising, on the occurrence of the greatest 
flood, to a height more than about 2ft. above the waste- 
weir. But beyond that, an allowance must be made for 
the further height to which the water may be driven by 
wind, and the greater the depth of water at the embank- 
ment the longer will the reservoir be on the same site, 
and on a long reservoir the water is driven up by the 
wind to a greater height than on a short one. 

In the upper parts of river-basins where reservoirs may 
be made, the opposite hill-sides approach each other 
towards the bottom, and almost meet in the stream with 
straight slopes. This is a general characteristic; but a 
really good site for the formation of a storage reservoir 
widens out in the bottom above the site of the embank- 
ment, and the only way of ascertaining the quantity of 
water the site is capable of aflPording, with any given 
height of bank, is by actual measurement, either by 
sections across the valley or by contour lines laid down 
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upon a plan every 4ft. or 5ft. in height ; but we may- 
estimate approximately what quantity of water a fairly 
good reservoir site would probably afford by examining 
sites the capacities of which have been ascertained, and 
comparing these with the respective heights of the 
embankments, or, rather, with the greatest depths of 
water, D, and their areas. A, taking these also at several 
different heights on the same site. The results of an 
examination of 75 such cases where the depth D varies 
from 20ft. to 80ft., both inclusive, are as follows: — In 
each case the cubic capacity is divided by the area of the 
water surface, giving the average depth; this then is 
divided by the greatest depth, D, giving the ratio set 
down opposite each case. 



No. 


Ratio. 


No. 


ratio. 


No. 


Ratio. 


No. 


Rat!o. 


1 


•612 


20 


•49 


39 


•452 


58 


•4 


2 


•583 


21 


•487 


40 


•45 


59 


•4 


3 


•580 


22 


•485 


41 


•45 


60 


•4 


4 


•572 


23 


•473 


42 


•447 


61 


•4 


5 


•560 


24 


•468 


43 


•435 


62 


•4 


6 


•543 


25 


•468 


44 


•431 


63 


•396 


7 


•537 


26 


•468 


45 


•427 


64 


•395 


8 


•528 


27 


•466 


46 


•422 


65 


•394 


9 


•526 


28 


•466 


47 


•42 


66 


•38 


10 


•525 


29 


•465 


48 


•42 


67 


•376 


11 


•515 


30 


•464 


49 


•42 


68 


•35 


12 


•515 


31 


•463 


50 


•42 


69 


*35 


13 


•514 


32 


•462 


51 


•42 


70 


•345 


14 


•510 


33 


•46 


52 


•42 


71 


•34 


15 


•504 


34 


•46 


53 


•417 


72 


•34 


16 


•5 


35 


•46 


54 


•407 


73 


•336 


17 


•5 


36 


•46 


55 


•407 


74 


•32 


18 


•496 


37 


•458 


56 


•405 


. 75 


•281 


19 


•496 


38 


•455 


57 


•4 







The general average of these 75 cases is about -- D. 

y 

The shape of the ground, as it widens out above the site 

of the embankment, makes the average width of the 

reservoir in all these cases about twice as much as it 
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would be with the straight slopes assumed to meet in the 
stream at the bottom of the valley, in which case the 
width of the reservoir is greatest at the embankment; 
whereas, in the better sites the greatest width is con- 
siderably above the embankment, the width there being 
nearly the average width of the whole reservoir. In the 
case adduced the area is 3,000 x 450 = l,350,000sq. ft., 
and, the greatest depth being 45ft., the capacity of the 
reservoir is 

A X ^ D = 27 million cubic feet. 
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SECTION ni. 
Appurtenances op Eeservoirs. 

A BESERYOiB for a town supply, as distinguished from a 
compensation reservoir, sometimes lias a bye-channel ex- 
cavated along the margin of the top-water level from th& 
head of the reservoir to the bye- wash which takes the 
water from the waste-weir. It is useful for several 
purposes, even when not absolutely necessary. To begin 
with, it furnishes a considerable quantity of materials for 
the bank ; it enables the bottom of the reservoir to bo 
laid dry for any purpose; and if a discoloured flood 
should come down when the reservoir is full, or nearly 
so, it affords a means of excluding the objectionable 
water, if made large enough. Where a flood channel is 
not absolutely necessary, these considerations ought to 
weigh in favour of a bye-channel being constructed. 

At the head of a reservoir it is a good arrangement io 
have a short bank across the stream for the purpose of 
arresting sand, stones, alluvium, or what else may be- 
brought down in floods, forming a receptacle known in 
Lancashire as a lodge, in connection with which the 
flood-weir and sluices are constructed. 

Where it is desirable to separate the clear spring waters 
of a drainage area from the flood waters, an arrangement, 
depending for its action on the laws of water in motion, 
which was first introduced by Mr. Bateman, the eminent 
engineer, may be applied. It consists of a side channel 
introduced under and across the line of watercourse, into 
which the water that arrives at the edge of a weir above 
it without violent motion drops easily down and is carried 
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"by the side channel away from the reservoir, while on the 
arrival of a flood it overleaps the narrow space down 
which the pnrer water drops, and flows over a second 
weir and away to the flood- water reservoir. 

In exposed situations — and such reservoirs as are here 
described are usually in such situations — the wind acting 
on the surface of the water surges it against the face of 
the embankment in such a manner that without some 
protection the earthwork would be gradually washed 
away. To prevent this, it is necessary to pitch the face 
with a harder material, usually stone, to the depth of 
from 12in. to 18in. Flat-bedded rubble stone makes good 
work, but where the slope is, as it should be, as flat a& 
3 to 1, rough rubble spread over it stands well enough 
where the bank is not exposed to high winds. 

It is always desirable to know what quantity of water 
is flowing out of a reservoir, and in some cases, viz., 
where mills are compensated by a stated quantity per 
time measurement, it is necessary that the water should 
be gauged either by allowing it to flow over a weir, or 
through an opening below the head of water; but the 
gauging is perhaps, on the whole, more accurately and 
satisfactorily made over a weir. To bring the water to a 
sufficient state of rest before it flows over the weir, it is 
first received into a basin, out of which it flows quietly. 

Sometimes a fl!ood channel is not made, but the water 
coming into the reservoir during its construction is got 
rid of through the discharging pipes or culverts, and if 
more than they will discharge comes down and seems 
likely to reach and go over the partly-raised bank, tem- 
porary shoots are used to convey it over to the outside ;. 
and when no flood channel is made, the, waste-weir be- 
comes an important feature of safety, or otherwise,, 
according as its length is properly proportioned to the 
drainage area or not. 

No discharge pipes or culverts of practicable dimensions, 
would carry off such a flood as three or four hundred 
cubic feet of water per second from .each 1,000 acres, and 
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yet such a quantity must be expected to come into tlie 
reservoir some time or other when it is fulL It is plain, 
therefore, that even with the utmost watchfulness of the 
reservoir-keeper in opening the sluices on the approach of 
a flood into a full reservoir, some other and larger means 
for its escape must be provided, and for that purpose a 
waste-weir is formed in the solid ground at one end of 
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the embankment, with a bye-wash to carry the water 
safely to the stream below. If we consider that with a 
height of top-bank 6ft. above top-water, or the level of 
the weir, 4ft. of that space would be little enough to 
oppose to the wash of water produced by a gale of wind 
blowing down the reservoir, we shall see that it will be very 
undesirable, and even unsafe, to allow the water to rise to 
a greater depth on the weir than about 2ft. 

Taking that depth, then, as the greatest to be allowed, 
and 400 cubic feet per second per 1,000 acres to be the 
greatest flood, and 100 cubic feet per second to be the 
greatest quantity that the discharge pipes or culvert 
would deUver, leaving 300 cubic feet per second to go 
over the waste-weir, it will be seen that the weir would 
require to be of a length of 37ft. per 1,000 acres of the 
drainage area. Here it is assumed that 4 jwould be the 
proper co-efficient in the equation q = c ^d^^d being in 
inches, for such a depth over such a weir, which would, 
from its breadth, if built of ashlar, reduce the co-efficient 
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to about that number if the depth were only 1ft. ; and, 
seeing that the greater the depth the more the weir loses 
its property of a free fall over, or becomes drowned, it 
may well be supposed that, if it could be experimentally 
determined for such a depth as 24in., as it has been for 
depths up to 12in., the co-efficient would be found not 
to be higher than 4. Using that co-efficient, then, and 
limiting the depth over the weir to 2ft., it will be seen 
that 37ft. or 38ft. length of weir is necessary for every 
1,000 acres of the drainage area. 

This does seem a great length, and it is certainly greater 
than most waste-weirs possess, but with a shorter weir 
there might be a risk of the water rising too near the top 
of the bank, when that is not more than 6ft. above the 
top-water level. If questions of economy could be allowed 
to enter as freely into the design of waterworks reservoirs 
as they do into that of many other works, an engineer 
might contrast the improbability of an excessive flood 
occumng at the very time of a full reservoir, and might 
conclude to save the expense of a long weir, or to allow 
the water to rise to a greater height upon it than 2ft. or 
so ; but, all things considered, he would be a bold man 
who would allow the water to rise upon the weir to a 
height more than half the height of the bank above it, 
where that height is 6ft., and if the water were allowed 
to rise to the extent of 3ft. on the weir the length per 
1,000 acres would require to be 20ft., for a flood over the 
weir amounting to 300 cubic feet per second per 1,000 
acres of the drainage area. 

An instance in which something like this proportion 
was adopted is the Grimwith compensation reservoir of 
the Bradford Waterworks. Here the drainage area is 
about 7,000 acres, and when the late Sir William Cubitt 
was referred to to fix the length of the waste-weir of that 
reservoir — ^being the person agreed upon mutually by the 
mill-owners and the waterworks proprietors to fix the 
length of the weir — ^he prescribed a length of 150ft» 
This is in strong contrast to the length of another weir 
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in a situation not very dissimilar, and where the drainage 
area is also nearly 7,000 acres, viz., at Tittesworth, in 
North Staffordshire, a compensation reservoir belonging 
to the Staffordshire Potteries Waterworks, where the 
waste-weir, for this very large area was made no more 
than 60ft. in length, the height of the top of the bank 
being 6ft. above the level of the weir. The consequence 
of making the length so short was, that in August of the 
year 1862 the water rose to a height of 5ft. above the 
weir; and if only the accidental occurrence of a wind 
blowing down the reservoir had taken place at the same 
time, there can be no doubt that a great disaster would 
there and then have happened. 

In the case of the Bradffeld Beservoir, a compensation 
reservoir belonging to the Sheffield Waterworks, which 
burst in 1864, it had a drainage area of 4,300 acres and a 
waste-weir of 60ft., in a horseshoe form ; and although 
the bursting of the embankment was due to othi9r causes 
than the shortness of the waste-weir, there can be no 
doubt that if the bank had been otherwise soundly con- 
structed upon ground which could not move, its failure 
would at some time have been imminent from this cause 
alone. 

Although, perhaps, in the greater number of cases the 
waste-weir is made at one end of the bank, in the solid 
ground, it has been the practice of some engineers to 
combine it with the structure necessary to be erected at 
the inner end of the discharge pipe or culvert, for the 
purpose of working the valves. This structure consists of 
an enlarged valve well, of such diameter that the circum- 
ference of its top course shall be of sufficient length for a 
waste-weir. This valve pit affords a ready and conve- 
nient access to the inner valve of the discharge pipe, and 
it admits also of the facility of drawing off the water at 
different heights, for the water near the top is generally 
better than that drawn from the bottom, and for this 
drawing-off purpose valve pits are sometimes built, 
although tiiey are not made use of as waste-weirs. 
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SECTION IV. 

Discharge of Water from the Beseryoir. 

There are two distinct principles involved in the practice 
of drawing ofif the water from a reservoir; the one is 
to discharge it through pipes laid so securely and so 
guardedly as to form a feature of stability equal to that 
of any other part of the reservoir — as the puddle wall, for 
instance, or the bank itself — thus rendering unnecessary 
any provision for inspection or repair, in the same way 
that one has to trust to the stability of construction of the 
puddle wall, where inspection is impossible. This mode 
of discharging the water was frequently adopted some 
years ago, but of late years not so much, if at all ; it 
consists of one or more lines of cast-iron pipes laid in the 
fiolid ground underneath the embankment from the foot of 
the inner slope to that of the outer one, with valves on 
them to control the discharge of water. Sometimes these 
valves are placed at the inner ends of the lines of pipes, 
and sometimes at the outer ends; the former position 
being the more secure and the latter the more convenient. 
Mere convenience, however, in reservoir works, cannot be 
much considered. 

When the valves were placed solely at the outer ends of 
the discharging pipes they were in duplicate, so that in 
case of one being out of working order the other might 
be used. When valves were so placed the mouth of the 
pipe within the reservoir had sometimes a conical plug 
suspended over it, so that it might be dropped into the 
mouth in case of emergency. With large pipes or great 
heads of water, the pressure on this plug would prevent 
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its being raised again without very great power, if it were 
not that the main plug contains in its crown a smaller 
one, which, when it is desired to raise the plug again after 
use, is first lifted, and, the valve at the outer end of the 
pipe being closed, the pipe is filled with water and the 
pressure on the large plug equalised, after which it is 
easily raised. 

There are cases where this precaution of either valve or 
plug at the inner end of a line of discharge pipe is not 
taken, but these are cases of the boldest and most self- 
confident treatment, and verge, indeed, on the indiscreet ; 
and anything even approaching indiscretion in the con- 
struction of reservoirs is certainly to be discouraged. 

On this principle of drawing off the water the pipes are 
made unusually strong, the sockets unusually deep, the 
depth of lead unusually great, and everything, in fact, is 
done to render the pipe secure under its circumstances. 
On the other principle the pipe is not made a special 
feature of stability, but is enclosed in a culvert of masonry 
of such a size as to admit of inspection and repair of the 
pipe. It is quite evident that either pipe or culvert 
should be laid on an unyielding foundation. To admit the 
possibility of sinking in either case would be absurd. 
There have been a few cases where pipes have been care- 
lessly laid in this respect, but they have been condemned 
as bad construction. 

If we take first the principle of laying a bare pipe under 
the bank, it will be seen that an element of weakness 
presents itself in the liability of the water to follow the 
line of the pipe between its surface and the material 
adjoining it. To prevent this it is enclosed in clay 
puddle, and obstructions to this action of the water are 
placed at right angles round the pipe. The rims of the 
sockets themselves form a considerable obstruction to the 
passage of water, but an additional precaution is sometimes 
taken to place wider flanges, projecting say, six inches all 
round the pipe. 

The discharging pipes are laid not from the lowest level 
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of tlie reseryoir, but at a level some feet above the bottom, 
and it is of advantage to lay another pipe from the bottom 
itself, which shall have its outlet in the stream below, so 
that the reservoir may be completely emptied when 
necessary. 

Crossing the paddle trench is the great difficulty of the 
line of discharge pipe. The puddle will not carry weight, 
and the pipe has to be made to carry itself and all above 
it from side to side of the puddle trench, unless it be very 
wide, when a solid pier of masonry is brought up from 
the bottom of the trench in the centre, to afford a central 
bearing to the pipe. The transverse strength of this pipe 
is capable of estimation as well as any other cast-iron 
girder, for it becomes a cylindrical cast-iron girder, of 
such strength as to carry the load due to it, with, of course, 
in such a situation, a very large margin for contingencies. 

Mr. Bateman directed this difficulty to be met, in the 
case of the Halifax Waterworks, by bringing up a solid 
ashlar pier of the full width of the puddle trench, dressing 
down the sides of the trench where the masonry abuts 
against them, and filling the joint with cement. In the 
middle of this pier, lengthwise of the trench, an iron plate 
is brought up, projecting 12in. beyond each face into the 
puddle, and standing up 18in. above the pipe, the joints 
between the iron plate and the masonry being filled in 
with cement, and other precautions were taken in passing 
the discharge pipe through the iron plate. 

There are not wanting on this subject, as on some 
others, differences of opinion as to the desirability of 
placing bare pipes under embankments. Culverts of 
masonry, it is said, are preferable, through which the 
water may be discharged either openly or through a pipe 
which can be got at for examination and repairs, and 
there are some very successful examples of this mode of 
construction on the Bradford Waterworks, designed and 
carried out by the late Mr. John W. Leather, of Leeds ; 
as good, perhaps, in design and execution as any in the 
country. 
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After the failure of the embankment of the Bradfield 
Eeeervoir of Sheffield, where the discharge pipes had been 
laid on the principle of trusting to the pipe, but where 
several precautions usually considered necessary had been 
omitted, it was very much the opinion of Mr. (now Sir) 
Bobert Bawlinson, who, with Mr. Beardmore, investigated 
the ease on the part of the Government, that the bank 
failed because of defects in the discharging pipes, and 
Mr. Bawlinson w«nt so far, in some general remarks on 
reservoirs, as to condemn in toto the principle of laying a 
bare pipe under an embankment, and urged strongly the 
necessity of enclosing the pipes in culvei-ts of masonry 
large enough to admit of workmen passing up them. 

One ought, however, to consider whether the larger 
culvert does not invite strains, requiring enormous resis- 
tance, which the comparatively small pipe does not, and 
which is therefore so far preferable. 

The joints of a large culvert are no doubt a source of 
weakness, and it is to this point chiefly, and to that of 
the possibility of crushing the materials, that attention is 
drawn when considering whether a large culvert or a 
small pipe is preferable. 
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SECTION V. 

Approximate Cost of a Storage Eeservoir. 

To estimate approximately the cost of a reservoir for im- 
pounding water by an earthen embankment, the following 
work would have to be taken into consideration : — 

Before depositing any earth, the seat of the embankment 
would have to be examined, and the top soil and all boggy 
earth removed outside and reserved for spreading upon 
the outer slope. 

The depth of the puddle trench could not be exactly 
ascertained before the work is commenced ; but it would 
probably allow a considerable margin for contingencies if 
the depl^ were assumed to be, at the deepest part, equal to 
the height of the bank, and lOft. at each end. 

Inasmuch as the depth to which the puddle trencii would 
have to be excavated would not be known in beginning 
the work, the sides should be carried down vertically as 
far as the ground is of uncertain character, and xmtil the 
ground below can be proved to be strong and suitable for 
the commencement of the puddling. 

In almost ^very case close-planking the sides of the 
trench would be necessary. When this is done by driving 
the planking vertically behind horizontal walings,the depth 
to which the trench can be carried down of the full width 
is limited to the length of the runners used, for at the 
bottom of each set the new set of timbering must be com- 
menced 6in. or Sin. on each side within it, and when the 
depth of the trench is great, this continual narrowing does 
not leave sufficient width in the bottom, unless the width 
at the top be made greater than is required for the thick- 

D 2 
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ness of the puddle. It is, therefore, better in these trenches 
of uncertain depth to lay the planking horizontally. 

In going down with the trench, water may be found to 
come in through fissures in the sides, on one side, or the 
bottom. As long as it comes through the bottom, the 
trench would be carried further down, so as to get com- 
pletely under the water, if possible ; but if it come through 
a fissure in the side only, that fissure would have been 
passed through, and may be caulked with cotton-waste or 
tow, or plugged with dry wood. 

If the water running into the trench can be stopped in 
this way, and the bottom is strong and likely to continue 
so, the clay may be got in and worked for puddle in thin 
layers all along the trench, doing the puddling more by 
labour than by water, enough of this only to soak the 
clay being allowed to run on to it ; the bulk of the water 
being conducted to the sump-hole from which it is to be 
pumped. The bottom of the trench for this reason should 
be inclined sufficient to carry off the water quickly. 
Strong springs of water mot with in excavating a puddle 
trench can only be dealt with by special means ; but in 
nearly every case there will be water naturally soaking 
out of the adjacent ground when its balanced pressure 
is relieved, and it is necessary to lay the bottom dry by 
pumping before the puddling can be commenced. 

Nothing could be a worse beginning of the work than 
to throw a mass of puddled clay into a wet bottom ; it 
could not be united with the sides of the trench by 
treading, as it can be in the absence of water, and it might 
well be expected that the water in the ground on the 
upper side of the puddle would, in that case, rise on its 
outer side between the puddle and the outer side of the 
trench; whereas, when once the puddle has been well 
worked of a stiff consistence, water cannot pass it or act 
upon it ; but if, in the first instance, water is in excess, a 
way is prepared for a future run which would carry with 
it small portions of the clay continually. 

If the trench cannot be kept free from water while the 
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puddling is being done, it is necessary to protect it from 
future contact with water by a facing of concrete and a 
concrete bed — raltbougli, as to the bed, the motion of the 
water in the bottom carries with it the cement or lime, 
and leaves little but a mass of loose materials, unless, in 
the first instance, a drain-pipe be laid under the concrete 
bed to take the water to the pumping-engine. 

In order to estimate approximately beforehand to what 
depth the puddle trench will require to be excavated, 
borings should be made along the centre line of the em- 
bankment down to and 12ft. into retentive ground; this 
latter because it would not do to rest the puddle on merely 
a thin stratum of retentive ground, which might have 
immediately under it a pervious stratum through which 
water might pass out under the puddle. 

The borings having indicated the surface of the retentive 
ground, the excavation is to be carried 6ft. into it ; and if 
the borings have truly proved the surface there will then 
be an assurance of at least 6ft. of sound ground under the 
puddle. Notwithstanding the borings, however, which 
are only useful as indicating beforehand the quantity of 
work to be done, the excavation itself must prove whether 
it is necessary to carry it still lower than had been approxi- 
mately estimated. 

It is not the bottom at the middle of the bank only that 
has to be carefully examined — ^the hill-sides on which the 
embankment abuts require examination far into them, or 
at least on that side where the strata are faulty. One of 
the Manchester reservoirs is said never to have been filled, 
because, as is supposed, the water, after rising to a certain 
level, passes round the end of the bank, behind the puddle, 
through loose strata. It is necessary, therefore, to carry 
the puddle trench far into the hill- side, where such ground 
exists at the site of the embankment. 

As an example from which to estimate approximately 
the cost per million cubic feet of storage-room — and that 
is, perhaps, the most convenient form in which a general 
estimate can be attempted — one may be taken which 
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would be snffioient to equalise the flow of the streams from 
an area of 2,000 acres during three consecutive years of 
least rainfall in a locality where 33in. is the average 
annual fall of a long series of years ; and where, also, the 
character of the rainfall and the ground are such that 180 
would be the proper number of days' storage of the average 
daily yield of those three years, the site being understood 
to have the proportions already stated as being approxi- 
mate to an average of many examples. 

In such a case the available depth of a year's rainfall 
would be 13in., if from 14in. to 15in, be allowed f»)r 
evaporation and other forms of loss, and from 5in. to 6in. 
of the 33in. as being in excess of the average of the three 
years to be reckoned upon. The area from which the 
water would proceed being 2,000 acres, the yearly amount 
would be 94,380,000 cubic feet, and the daily average yield 
258,676 cubic feet. 

To contain 180 days' supply, therefore, of this quantity, 
the capacity of the reservoir would be 46^ million cubic 
feet. This would be impounded by an embankment 600ft. 
long and 60ft. high at the middle of its length. If the top 
width be made 20ft., the inner slope 3 to 1 and the outer 
slope 2 to 1, the extreme width of the seat of the bank 
would be 320ft. nearly (rather less, because the level of 
the ground at the toe of the inner slope is somewhat 
higher than at the toe of the outer slope, and because the 
inner slope is flatter than the outer one) ; and the area to 
be cleared of objectionable material, to a depth of, say, 
8in. vertically, would be about 12,000 sq. yds. 

If the thickness of the puddle wall at the top be made 
7ft., and the batter of the two sides 1 in 8, the width of 
the puddle trench at the lowest part of the ground would 
be 15ffc. nearly, and 7ft. at the ends. The depth in 
different parts of the trench would vary according to the 
ground met with, but would be, in general, deepest near 
the middle, and if at the middle point the depth be 
Hflsumed to be equal to the height of the bank — 60ft. in 
the present example — and 10ft at the ends of the bank. 
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a line drawn straight between these lowest points would 
probably equalise the steps in which, practicallj, the 
bottom would be cut, and would represent the average 
depth. The excayatioxi of the puddle trench would then 
be, if the sides were carried down vertically, about 
8,000 cubic yards. The quantity of puddle below the 
ground would be the same. Above the ground the puddle 
wall would be about 6,000 cubic yards, and the total 
quantity of puddle 14,000 cubic yards. 

The embankment would be 80,000 cubic yards including 
the puddle wall, and deducting that the quantity would be 
74,000 cubic yards. The embankment, less the puddle 
wall, is taken in one, because, although the material con- 
sists of three kinds — ^viz., a toe of rough stone at the foot 
of each slope, selected material on each side of the puddle 
wall, and the remainder of the earth, each of which would 
be estimated at its own price when it had been ascertained 
from what part of the site each kind of material would be 
procured — ^yet in a general estimate the distinction can 
hardly be made. There would be, however, in this 
example 8,000 cubic yards of rough stone, 24,000 cubic 
yards of selected material, and the remainder would be 
42,000 cubic yards. 

If there are to be two discharges from the same reser- 
voir—viz., one for supply and the other for compensation 
to the stream — the supply pipe would be laid through the 
discharge culvert, up to the valve tower at its inner end, 
whether it be situated in the reservoir, clear of the 
embankment, or built within the embankment itself. 
The former is the better plan. The best position of the 
discharge pipe or culvert, or the line along which it 
should be laid, demands the most serious consideration in 
every case, in order to hit the happy medium which 
combines security with economy. 

The level at which it must necessarily be laid being 
near the botto^ of the reservoir, and the puddle trench 
being almost as necessarily sunk much below that level, 
the pipe or culvert, when laid near the middle of the 
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bank, must cross the puddle trench at a considerable 
height above the -bottom, and right through the mass of 
puddle. This is the plan -which was formeily adopted, 
whether the discharge pipe was inclosed in a culvert of 
masonry or was laid bare in the gi ound ; but as it was 
necessary to support the pipe or culvert across the trench 
upon a more solid foundation than the puddle itself 
aflforded, the unequal settlements which took place when 
the bank had been made to its full height tended to 
fracture the work. 

To obviate this, straight vertical joints completely 
across the whole structure of the culvert were sometimes 
provided at the points where the unequal settlements 
would be likely to occur — slip joints — so that the portion 
of the culvert between the slip joints might settle bodily 
and evenly. In the same way the brickwork of railway 
and other tunnels driven through yielding ground is 
made with a straight joint at the end of every length, 
instead of leaving toothing for the next length, which is 
proper enough, and more sightly when finished, where 
the ground is in unyielding rock. 

This provision of a straight joint, however, in the case 
of reservoir embankments, has sometimes not had the ex- 
pected effect, owing to the uncertainty of the direction 
in which the settlements take place, there being hori- 
zontal as well as vertical movements of the earth above 
the culvert. The culvert, therefore, should not cross the 
puddle trench at any great height, if at all, above the 
bottom of the trench. This consideration drives the 
position a long way from the middle of the bank, as is 
shown in Fig. 7, in order to lay the culvert in the solid 
ground. 

The bottom of the reservoir, to a height of 14ft. or 15ft. 
above the lowest point, contains but little water — say in 
this case half a million cubic feet. It is not necessary, 
therefore, to lay the discharge pipe lower than is sufficient 
to draw off the water to this level, s<y 40ft. below the 
top-water level, and the lowest sluice should be, say, 3ft. 
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below this level, to give a head of entrance into the pipe, 
thns fixing the level of the tipper end of the discharge 
pipe at 43ft. below the top- water level of the reservoir, 
by which means 
46,000,000 cnbic 
feet of water can 
be drawn off from 
a full reservoir. If . 
the invert of the 
cnlvert be laid 2ft. 
lower than the 
pipe, it wonld form 
a channel for the 
compensation wa- 
ter to be discharged 
into the stream. To 
determine the size 
of the cnlvert, that 
of the supply-pipe 
mnst ^rst be found. 
The daily quantity 
of water due to 13in. rainfall on 2,000 acres of ground is, 
as before found, 258,570 cubic feet. 

If one-third be discharged into the stream as compensa- 
tion, the quantity passing through the pipe would be 
172,380 cubic feet per day. If the mean daily velocity 
through the pipe be made 2 ft. per second, the diameter 
found from these data would be 15in. In assigning room 
for the 15in. pipe, which would be laid before the arch 
of the culvert is turned over it, it should be considered 
that it might be possible at some future time that it would 
be necessary to cut out, remove, and replace one of the 
pipes, in which case more room would be required than 
is necessary for laying the pipe in the first instance; 
the width and height, therefore, should be sufficient for 
this — say 6ft. wide, and S^ft. high. The best form would 
be that shown in Fig. 8. The pipe would be supported 
above the bottom of the culvert, which might be by cast- 
iron girders built into the walls. 
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The width of the trench for the culvert would be ahoiit 
10ft., and it should be made straight as far as it extends 

under the embankment, 
and some distance away 
from the foot of each 
slope, as shown from A 
to B in Fig. 7 ; but ex- ' 
cavation may be saved 
towards the ends by in- 
clining them inwards 
from the ppints A and 
B tq C and D respi&c- 
tiv^ly. 

In laying the culvert 
in the trench thus ex- 
bavated in the solid 
ground at such a depth 
below the head of water, 
every possible care is to 
be taken to prevent the 
water finding a way outsidei it, and for this purpose gravel 
puddle is a suitable material with which to solidly fill 
every space not completely occupied by the masonry. It 
may be thought that concrete is a more suitable material 
for this purpose, and in any case the invert of the culvert 
would be laid on a bed of concrete, unless the ground 
consist of a solid rock; but for filling in the spaces 
between the back of the masonry and the sides of the 
trench gravel puddle is a better material, inasmuch as^it 
can be n^ade mote, compact and watertight in such a 
situation. 

The valve-tower at the upper end of the discharge 
culvert may be of brickwork 18in. thick, 6ft diameter 
inside. The lowest valve being 43ft. below the top- 
water level;, there, might be three more above it, at 
30ft., 20ft., and 10ft. below that level, so that the water 
can be drawn off from near the surface at all times. 
These would all communicate with one descending pipe 
erected within the valve-tower, from the top of which 
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they would be worked, a light iron footbiidge a£fording 
access from the top of the bank. Side by side with the 
lowest valve would be another for drawing off the com- 
pensation water. This should be of larger size than the 
supply-pipe; in this case it might be 2ft. diameter, if 
circular, but a rectangular form is preferable. 

The inside slope of the embankment would be covered 
with rough stones, the interstices being filled with smaller 
broken stone, forming a protection to the earth from the 
wash of water. The area to be so covered would be 
about 6,000 sq. yds. The outer slope, to be soiled, would 
be about 4,000 sq. yds., and, including a grass border on 
each side of the road to be formed on the top of the 
embankment, the quantity would be 4,800 sq. yds. 




Fig. 9. 

A more important part of the work is the waste-weir 
and bye- wash. For such a drainage area as that assumed 
the length should not be less than 60ft. The bye-wa©h 
may be nearly wholly- of^ concrete, of the form shown in 
Fig. 9. 

By forming the bye-wash in a series of ponds, of not 
more than 6ft. difference of level between them, the 
descent of the water, in the heaviest flood, may be suffi- 
ciently checked, and it may be gradually let down to the 
stream below the embankment without injury. 

A large body of water may be dealt with safely if it be 
prevented acquiring a too great velocity. Each of the 
steps shown in the sketch forms an independent pond into 
which the water falls from a moderate height. The 
general inclination is, in the example, 1 in 8,^ach step 
*6ft., and the length from step to step nearly 48ft. 
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There would be, in a flooJ, a great body of water, but 
no gi-eat velocity in any part of the channel ; and, except 
for the overfall sills, which should be of stone, the whole 
of the bye- wash may safely be formed of concrete. If the 
width at the level of each overfall sill be made 30ft., or 
half the length of the weir, when the water is flowing 
2ft. deep over the weir, the corresponding depth over 
the sills would be 3* 17ft. 

The land occupied by the whole reservoir would be, on 
the scale previoufly referred to, about 50 acres. 

The estimate would stand thus : — 

Quantity. Price. 

«. d. £ 

Clearing seat of embankment .. 12,000 sq.y'. 2 100 

Excavation of puddle trench .. 8,000 c.}d. 5 2.000 

Clay puddle 14,000 „ 2 6 i;750 

Embankment 74,000 „ 16 5,550 

Boad oyer embankment .. .. 800 sq. yd. 2 80 

Pitching inner slope 6.000 „ 2 600 

Soiling outer slope 4,800 „ 2 40 

Excavation for culvert and valve- 
tower 4.500 c. yd. 4 900 

Ditto for bye- wash 4.000 „ 10 200 

Concrete in foundations .. .. yOO „ « 90 

Ditto in bye-wash 2,200 „ 7 770 

Brickwork in culvert and valve- 
tower 700 „ 21 840 

Gravel puddle 600 ., 4 100 

Stone sills, caps, coping, &c .. 1,500 c. ft. 2 150 

Valves, &c 150 

Footbridge 180 

Gauge-weir .. .. 100 

£13,600 
Contingencies 1,400 

15,000 
Land and fencing 5,000 

£20,000 

This would be at the rate of £435 per million cubic feet 
of storage-room, for works and land, but as, perhaps, 
there might be required as much as £2,000 for expenses 
outside these, the whole cost per million cubic feet 
would be £478. 
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SECTION VI. 
Concrete for Embankments and Dams. 

Where reservoirs are desired to be made in pituations 
which afford no day for puddle, and nothing hut loose 
earth and stone for the embankment, the use of concrete 
may be extended, in forming the bulk of an embankment 
or dam. Where the range of stone is extensive and 
massive, and is bedded, it may be more* advantageously 
cut into blocks for setting as proper masonry. The 
materials of the immediate site, whatever they are, are 
those only which can be used with economy for the main 
portion of a reservoir embankment. Where these consist 
of stone, in any form, they may be used either by way of 
setting, in such blocks as can be procured, or they may 
be broken up for concrete, and used for the bulk of the 
embankment. The material is heavier than earth, and less 
liable to slip, and for both these reasons it may be used in 
bulk of less magnitude, with the same degree of resistance. 
Concrete may fairly be taken to weigh 1201b. per 
cubic foot at the least, and much more with some kinds 
of stone, while 96lb. per cubic foot is a heavy average 
for earth. The weights of stone of various kinds are 
approximately as follows, per cubic foot in the solid state, 
viz.: basalt, 1801b.; granite, 1661b.; mountain lime- 
stone, 1701b.; clay slate, 1801b.; trap, 1701b.; sand- 
stone, 1441b. as an average, but some kinds are only 
1301b.; chalk, 1601b. When broken up for concrete 
into pieces of about 4 cubic inches, the space occupied by 
a cubic foot of solid stone extends to about 1 J cubic foot, 
more or Ipbs as the pieces are moved about amongst each 
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other BO that the angles interlock, and the quantity of 
sand, or fine gravel and sand, with which the interstices 
may be filled, varies accordingly. 

The cementing substance required to combine the mass 
must be such as will set under water. The beds of blxH3- 
lias limestone furnish a hydrate of lime which has ^s 
property in a degree sufficient for the purpose ; and so, 
indeed, have some parts of the Wenlock limestone and the 
gray chalk ; but in other situations, where the cementing 
substance must be brought from a distance, Portland 
cement will be the most proper material, for the reason 
that the less the weight to be carried to the spot the 
better, and that Portland cement will bear a larger pro- 
portion of sand. 

Biver-sand, if clean, is better than pit-sand, but it is by 
no means safe to assume, as is sometimes done, that all river- 
sand is better than pit-sand, inasmuch as it often contains 
vegetable and animal fibre in injurious quantity, which 
cannot be separated from it by any ordinary or eco- 
nomical means. The only means of separating objection- 
able matter from sand to be used for mortar or concrete 
is washing it, and river-sand has already had, before it is 
procured, more washing than can be artificially given to 
it, and if the objectionable woody fibre, rags, wool» hair, 
ifec, remain in it where it is procurable, they may bo 
considered as being inseparable; and sand containing 
these, or any of them, in considerable quantity, is unfit 
for this purpose. 

The only way to get rid of the organic matter in river- 
sand would be to bum it out, but that would be a process 
too costly to be carried out. Pit-sand, on the contrary, is 
free from these, but contains too much earthy matter, 
which requires washing out of it. It is not always possible 
to do this entirely, with any degree of economy, for in 
many cases the quantity of clean sand left after the opera- 
tion of thorough washing would be so small as not to be 
worth having at the price it would cost ; and when neither 
clean river-sand nor good pit-sand is procurable, crushed 
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sandstone may be nsed ; but it is not a good material for 
the purpose, inasmneb as tbat any stone wbieb can be 
crashed into sand contains mncb earthy matter. Sand 
procured in this way is, of course, costly, but even then 
it is not of good quality, and either of the other kinds is 
to be preferred to it, when cleansed. 

There is another source from which the necessary fine 
material for concrete may be procured. Clay may be 
burnt as it is diig out of the ground, at an almost small 
expense, and if well burnt may be crushed into a fine 
material resembling sand, which, although not so good a 
material as clean sand, is preferable to some others, inas- 
much as it is absolutely clean ; its fault is that it is 
absorbent, and, if not well burnt, too much so for use. 
Crushed engine-cinders form another material of similar 
character, and equally good if procured clean, and con- 
sisting of engine-cinders only ; house-ashes are, of course, 
inadmissible under any circumstances. 

The immediate purpose for which concrete is intended 
to be used seems to be not always kept in view in speci- 
fying the proportions of its several components. 

Where it is used as a foundation to carry weight j or more 
properly to distribute weight over a larger area of founda- 
tion, much sand is to be avoided, inasmucb as it weakens 
the coherence of the materials as a; whole. It is better in 
this case to use the cementing substance for the purpose 
of the adherence of the parts of the larger material to 
each other, and, instead of driving them asunder by inter- 
posing sand, to bring them as close together as possible, 
and let each piece of the larger material be coated with 
its due proportion of cementing substance. If, after the 
larger material had been brought as nearly into contact as 
is practicable, the space of the remaining interstices could 
be known, they might with advantage be filled ; but, as 
they could not be known, the probability is that, if filled 
at all, they would be over-filled, and the larger part of 
the material driven asunder, so that it is probably better 
to avoid sand altogether. 
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But where concrete is intended to be used as a wall to 
prevent the passage of water, the interstices of the ma- 
terial require filling up, and it is important to know 
what relation of space they bear to the solid material, 
or to the whole mass, in order that they may be com- 
pletely fiUed. , , , 

It is understood, and is to be insisted upon as a point 
of the very greatest importance, that the materials with 
which concrete is to be made must be clean : no good con- 
crete, of any sort whatever, can be made without attention 

to this point. , „ j j 

Small angular stones lie closer together than rounded 
eravel-stones, if means are taken to press them together ; 
but not so without such means. When loosely tipped in 
a heap, the interstices are larger with angular stones than 
with gravel, which, without ramming, settles itself to as 
great a degree of compactness as it is capable of; whereas 
Ae other material can be much compacted by ramming. 
Bamming clean gravel is detrimental rather than useful, 
inasmuch as it merely displaces the parts of the material 
without bringing them closer together as a whole. 

If the material be neither angular nor much rounded, 
as beach-shingle, it is of intermediate character in this 
respect, and may be rammed with some advantage. 

If the material were perfect spheres the spaces amongst 
them could be calculated exacdy, thus 

The distance, A B, Fig. 10 (next page), is the diameter of 
abaU • A being half the diameter, and BC the transv erse 
distant apart of the rows of balls, = ^ A B* - A C^ the 
longitudinal distance being the diameter of » ^U- 1« 
the vertical arrangement, Fig. 11, the height B C = 
V A B» - A 0^ as before, and the cubic space occupied 
by each ball is A B X B C''. ^ ,. ^ ,, n 

If the balls are 1 in. diameter, the distance B O = 
, - .8 _ .5it _ .866 in. The ver'ical height is the same, 
and the space occupied by one ball is 1 X (-8667 = -75 
cubic inch. The solid sphere, 1 in. diameter, is -6236 
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cubic inch, leaving a space around each ball of *75 — 
« 5236 = * 2264 cubic inch, and the ratio of the hollow space 
to the whole space occupied is *2264 to *75, or 30 percent. 
If the balls are 2 in. diameter, the distance apart of the 
rows of balls is V 2=^ — 1^ = 1 • 732 in., both horizontally 
and vertically, and the space occupied by each ball is 2 X 
(1*732)^ = 6 cubic inches. The solid sphere is pro- 
portional to the cube of its diameter, or to 2^ = 8, and is 
•5236 X 8 = 4*188 cubic inches, and the ratio of the 
hollow space to the whole space occupied is 1 '812 to 6, or 
30 per cent., as before. If the balls are 3 in. diameter, 
the percentage is the same. The distance apart of the 
rows is V 3^ — (1 ' 5)^ = 2 • 598 in., and the space occupied 





Fig. 10. Fig. 11. 

by each ball is 3 x (2-598)2 = 20-25 cubic inch. The 
solid sphere is • 5236 x 3^ = 14-137 cubic inches, leaving a 
space around each ball of 20-25 - 14-137 = 6-113 cubic 
inches, and the ratio of the hollow space to the whole space 
is 6-113 to 20-25. or 30 per cent. 

These may be compared with some trials of the pro- 
portions of sand and shingle at the Portsmouth Dock- 
yard Extension works, given by Mr. Colson * in a paper 
read at the Institution of Civil Engineers in February, 
1881, where 15 samples of shingle of 1 cubic foot each, 
from various localities — viz., from Langston Harboui% 
Browndown, and Portsmouth Harbour — were tried, and 
which showed that it required, on the average of the 15 
samples from the above-named localities, 38 - 4 per cent, of 
♦ 0. Colson, Esq., M.Inst.O.E. 

s 
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Fand to £01 the interstices, or 2 * 630 psuiis of shingle to 

1 of sand. There was 53*3 per cent, of sand in the 
material as procured and nsed in the dock walls and other 
parts of the work, or 1*875 of shingle to 1 of sand; bnt 
in the trials the quantity of sand was reduced to that 
which was sufficient only to fill the interstices of the 
shingle, with the above results. At the same time 26 
trials were made of the quantity of cement required to 
fill the interstices of the sand for mortar, which showed 
a proportion of 36*4 parts of cement to 100 of sand, or 

2 • 715 of sand to 1 of cement. 

Mr. Deacon,* of Liverpool, made some trials of concrete 
used in the foundation of roadways, given in a paper 
read by him at the Institution in April, 1879. The 
concrete consisted of 8 parts of broken stone, 6 parts of 
gravel, and 1 of cement, making a mass, when mixed and 
beaten together, of 11 parts of stone and gravel to 1 of set 
cement; from which it would seem, the cement being 
included in the 11 parts, that it required 3 parts of gravel 
(containing half a part of cement) to fill the interstices of 
the broken stone, there being in the produced mass 3 parts 
of gravel more than was sufficient to fill the interstices. 
The percentage of space of the interstices of the broken 
stoiie to the whole mass was thus 3 to 11, or 27 * 27 per cent. 

When the quantity of sand and cement is consideraijly 
in excess of that required to fill the interstices of the 
larger material, as in this latter case and in the wallis of 
the Portsmouth Dockyard extension, it takes the form of 
a matrix in which are embedded the larger pieces of 
material, and thus becomes or resembles rubble masonrj-, 
sach as is found in the old castle-walls and Boman builds 
ings, in which pieces of rough stone are embedded in a 
coarse mortar. This is the form which concrete walls should 
take which are intended to retain water in a reservoir. 
Concrete has not hitherto been used to form a reservoir em- 
bankment entirely, but during the last few years it has been 
used to protect the puddle walls of earthen embankments. 
* G. F. Deacon, Esq., M.Inst*C.E. 
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SECTION YII. 

Stream Gauges. 

The watershed line along the tops of hills sheds the 
rainfall in opposite directions into different valleys — the 
hasin, when taken as a whole, in each case, from source 
to sea ; or the catchment area, or drainage area, or water- 
shed area, when a part only is dealt with. 

Of the rain falling npon this watershed area and running 
off in streams, some is lost by evaporation in the atmosphere 
and absorption into the ground before it arrives at the 
point down to which the area is calculated, and the 
quantity lost can only be ascertained by gauging the 
flow of the streams and comparing the quantity so fbund 
with the whole quantity due to the area and depth of 
rainfall. The quantity lost varies with the declivity and 
character of the ground. 

After a sufficient number of gaugrngs of the streams has 
been made, the practical quantity which can be depended 
upon may be ascertained. Such gauges, being of a tem- 
porary nature, may be made with planks, the joints being 
grooved and tongued, and the whole bolted together and 
stiffened with battens. A stream should be gauged daily 
at least once, but that is not sufficiently often for accuracy, 
for within twenty-four hours the depth of water flowing 
over the gauge may vary greatly. Twice a day, or three 
times, is not too often — say at 6 a.m., 1 p.m., and 8 p.m. — 
and even these frequent observations need to be supple- 
mented by notes of the beginning and end of rains suffi- 
ciently heavy to influence the stream of water ; but these 
are not so necessary if the twenty-four hours be divided 

£ 2 
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into three equal periods of time for the observations of the 
depth. 

In any gauge of this soi-t, whether temporary or perma- 
nent, it is necessary to dam up the stream of water and 
form a considerable pond in which the water may expand 
itself and flow out quietly over the gauge, and from as 
nearly still water as possible. If this precaution be not 
taken the velocity of the water before arriving at the 
gauge would have to be measured at the time of every 
observation, and this would admit numerous possibilities 
of error. 

Hydraulicians have measured the actual quantities of 
water flowing over weirs and notches in thin plates and 
plank-gauges, by receiving into a large tank below the 
gauge all the water flowing over it in a given time at 
various depths, every condition of the flow of water and 
the construction of the gauge being observed at the same 
time — such as the width of the gauge with reference to 
the width of the pond ; the thickness of the lip or sill 
over which the water flows; whether the edge be hori- 
zontal, crosswise of the gauge, or bevelled off, and if 
bevelled, which direction, whether outside or inside ; and 
the same with respect to the ends of the openings ; the 
velocity of the current (if any) before arriving at th« 
gauge; and whether the depth recorded be that from 
the surface of the water in the pond or that directly over 
tho sill of the weir or in the notch ; because this latter is 
always considerably less than the former, and requires 
the application of a different rule, and not one of these 
particiQars can be omitted to be recorded if the gaugings 
are to have the value which the labour bestowed upon 
them would otherwise give them. 

The depths have been mostly measured from still water, 
and the results have been formulated accordingly ; but it 
is not sufficient to assume that this has always been the 
depth measured, unless it has been expressly stated so. 
Some of the experiments have been made over thin plates 
of copper or iron, some over thicker plates of iron, some 
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over boards of various tliicknesses, and as these and other 
particulars have varied, the actual quantities passing into 
the outer tanks have varied for the same depths; and in 
adopting a thickness of the lip of the gauge, regard should 
be had to the conditions of the experiments relied upon, 
so as to place the gauge under similar conditions to those 
of one set or another of these. 

Almost any set of experiments may be relied upon if 
the conditions under which they were made be duly 
observed ; but if they be taken together indiscriminately 
they form nothing better than a muddle of facts from 
which nothing certain can be determined. For this 
reason, in fixing a temporary plank-gauge, for instance, 
where the water can be dammed up into a pond largo 
enough to prevent it reaching the gauge with any distinct 
current, 2in. is a better thickness than 3in., becauso a 
greater number of accurate experiments has been made 
over planks 2in. thick than over 3in. planks. 

And with reference to other experiments, the same pre- 
caution should be taken. Mr. Blackwell's* experiments 
were made over various thicknesses of lip and widths of 
sill, thin plates, 2in. planks, and wide-crested weirs, and 
over various lengths of gauge with the same depth of water, 
—3ft., 6ft. and 10ft, Those over 2in. planks were 120 or 
more in number, from lin. to 14in. in depth. 

Those experiments of Mr. Blackwell, above referred to, 
were made on the Kennet and Avon Canal, and were made 
from a still head of water ; but it will often happen in 
gauging streams that a pond large enough to effect this 
cannot be made, and in that case a set of experiments — 
also over a gauge 2in. thick, of iron — made at one of the 
reservoirs of the Bristol Waterworks, more resemble the 
conditions of temporary stream gauges, the pond being 
not so large, and the water arriving at the gauge with 
some current, though not much. The co-efficients found 
from these experiments were therefore greater than those 
found from the experiments first referred to. 
* The lato T. E. Blackwell, M-InstCE. 
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This latter set of experiments was made by Mr. Black- 
well in conjunction with the late Mr. James Simpson, 
the engineer of the Bristol Waterworks, who furnished to 
him a set of observations he had previously made on the 
same weir, which is the weir of the gauge-basin of the 
Chew Magna Eeservoir, and is 10ft. long. The experi- 
ments were about 60 in number, from lin. to 9in. in depth. 

If it is intended to rely upon those experiments which 
have been made over thin plates, the number of which is, 
perhaps, greater than has been made with planks of any 
thickness, although most of those over thin plates have 
been on a smaller scale, a strip of sheet-iron may be 
screwed on, on the upper side of a plank-gauge ; but in 
that case it should project clearly beyond the edge of the 
plank, so that the edge of the plank may have no influence 
upon the flow of water, and when a strip of iron is thus 
4ittached on the upper side of the opening, the edges of 
the plank should be bevelled outwards, away from the 
iron plate. 

With reference to the dimensions of a gauge, regard 
must be had to the area of the drainage ground and to 
the probable variation in the rate of flow of the water. 
The gauge must allow floods to pass through it or over it, 
and at the same time it must be small enough in width to 
gauge the dry-weather flow. The one quantity may be 
a thousand times more than the other. 

The variations being so great, it is necessary to confine 
the smaller quantities to a less width than that of the full 
gauge, by making a notch in the gauge of such limited 
width as will aiBford a measurable depth, and one which 
will accord nearly with some of the depths which have 
been experimented upon. 

The width of the notch, as well as that of the whole 
gauge, should be apportioned in some degree to the area 
of ground from which the water flows. To take, for an 
instance, 300 acres, there may flow from it as small a 
quantity as 10 cubic feet per minute, or less, and a flood 
may amount to 9,000 or 10,000 cubic feet per minute. If 
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tbe notch be made 2ft. wide, 10 cubic feet per minale 
would pass through it with a depth of lin., or there- 
abouts; and if the depth of the notch be 6in., the 
quantity wouldbe about 140 cubic feet per minute when 
running fulL A considerable rainfall would then have 
taken place. Greater quantities of water than this 
would extend over the whole width of the gauge. 

To avoid errors, it is well not to subdivide the width, 
and form more than one notch. If the full width be made 
6ft., the gauge would pass 3,000 cubic feet per minute when 
running 1ft. 9in. deep, and this would be deep enough for 
the full depth of the gauge, in cousideration of its strength. 

Moods greater than 10 cubic feet per minute per acre 
of the drainage ground would pass over the top of the 
gauge, and could not, perhaps, be accurately measured ; but 
the gauge ought to be so set that a proper record of tbe 
depth can be made, and some tolerably approximate esti- 
mate made of even the greatest flood. 

To resist floods, the gauge must be secured in masonry 
walls at the ends, the ends of the plank-gauge being built 
into them, or by piling, according to the nature of the 
ground. The first thing to be done in fixing the gauge is 
to divert the water from its channel, if possible ; but if 
not, to divert it from each half alternately, by a clay dam, 
and to pump out the water and excavate a trench across 
the bed of the stream and well into the banks on each 
side, of a width of about 3ft. and about the same depth, 
to be filled with puddled clay ; and when a depth of 2ft. 
of puddle has been formed in the bottom, the gauge 
should be set level upon it, and the filling of tbe trench 
on the upper side of the gauge completed up to the bed of 
the stream. 

On thJd lower side the puddle will be covered with 
the pitching-stones of the apron, the top of which should 
be at least Gin. below the notch. If the pitching-stones 
are ISin. deep, this makes the depth of the gauge below 
the notcSh 2ft. If the depth of the notch be 6in., and 
&e top of the gauge 1ft. 9in, above the top of it, the 
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whole depth of the gange at the ends will be 4ft. Sin. 
The length of the gauge would be 20ft., the faces of the 
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I Fig. 12. 

abutment walls between which it is fixed being 18ft. 
apart, and each end of the gauge should be built 1 ft. into 
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the walls. Such a gauge might be made of 3in. plonks, 
the edges being reduced to 2m., unless thin iron plates be 
attached. It would require to be strongly battened, and 
it should be supported by piles, 12 by 12, in the positions 
shown in diagram on the preceding page, strutted from 
other piles in the banks of the stream. To allow the 
greatest flood to pass over the top of the gauge with a 
depth not exceeding 15in.,the total length between the 
walls would require to be 18ft., and the walls should be 
carried up to that height above the top of the gauge, and 
as far into the banks as to prevent the passage of water 
round them. 

It must not be overlooked that the depth of the puddle- 
trench named, 3ft. below the bed of the stream, is but 
little, considering the height of the water above it in a 
flood, which might be 4^ft. or 5ft., and it is possible that 
the water might blow a hole through the ground under 
the puddle. It is a contingency to be considered, but 
it is not a thing which would probably occur, and the 
apprehension of it need not prevent a gauge being fixed 
in the manner described. At the same time, if circum- 
stances are favourable, it might be better to carry the 
puddle-trench deeper. 

In the case of a very loose bottom of sand and gravel — 
but not in a compacted gravelly-clay bottom — a row of 
sheet-piling would be preferable to a puddle-trench, for 
which Sin. deals would be sufficient, and if the bottom is 
silt, wholly or in great part, piling becomes a necessity, 
as in such ground the water would be very likely to flow 
out under the puddle. It is important that the gauge 
not only be set level from end to end, but that it remain 
so, and a gauge of this length should be supported by 
two intermediate bearing piles, or large stakes, driven 
into the bed of the stream, 4in. to 6in. square, or 5in. to 
7in. diameter ; and these intermediate supports are equally 
necessary, whatever the ground may be. 

The dimensions of the gauge shown in the diagrams 
are suitable for an area of 300 acres or thereabouts, and 
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for larger areas it will be preferable to gauge tHe quan- 
tity of wiater at two or more dififerent points of the area 
if more than one stream proceed from it, rather than, 
for a temporary gauge, to place one to command the 
whole area ; for a plank-gauge cannot well be made longer 
than about 20ft., or wider than 4ft. or 5ft. 

Below the bottom of the notch 2ft. is little enough, 
while 2ft. above the top of it is high enough, in considera- 
tion of its strength to resist a flood, and, indeed, this it 
would not do, with these dimensions, unless firmly sup- 
ported laterally near the middle, either by struts from the 
banks or by raking struts from piles driven into the bed 
of the stream, or by raking walls built in the same posi- 
tions. The planking, indeed, is to be looked upon as being 
merely a watertight shield, without lateral strength. 

The width of the pond immediately above the gauge 
should be considerably wider than the total length of the 
gauge— in this case not less than 30ft. — and the depth of 
water should be measured at a distance of 6ft. above the 
gauge, for which purpose a stake should be driven as far 
from the edge of the pond as will allow the divisions of 
the scale to be distinctly read, and on the stake a scale 
divided into hundredths of a foot, or into tenths of an 
inch, should be fixed with its zero level with the bottom 
of the notch. 

The depth of the water passing over the gauge-weir 
affects the quantity in two respects; first, as being 
directly proportionate to the quantity, as the width is, the 
two dimensions forming the sectional area calculated 
upon; and, secondly, it affects the quantity as being a 
measure of the velocity with which the water passes 
over, this being proportionate to the square root of the 
depth. 

Dividing the cubic quantities measured in a tank, 
which have passed over tiie gauge-weir at known depths, 
by all the dimensions before stated, numbers result which 
are the constant multipliers required to convert the 
general formula to practical use. 
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; If c = the oonstant multiplier. 

w = the width of the gauge in feet. 
d = the depth of water in inches. 
Q = the quantity in cubic feet per minute. 
Q ss c w d j/d = c w Ajd^ 
The values of c, derived from Mr. BlackwoU's experi- 
ments before mehtiolied; made on the Kennet and Avon 
Canal, are as follow. for. 2in.-plank weirs, and for iron 
plates i^in. thick. 

Values of c. 
Depths. 2in. planb. Thin plates. 

lin. 3-50 .. .. 5-72 

2m 4-25 .. .. 5-70 

Sin. .. .. .. .. 4-44 .. .. 4-91 

4in 4-44 .. .. 4*90 

Mn 4-62 .. .. 4-83 

6iu. .. 4-57 .. .. 4-57 

7in 4-61 

Sin 4-4« .. .. 4-48 

9m. 4-44 .. .. 4-08 

These are the means of the values obtained for the several 
widths of 3ft., 6t., and 10ft., in the case of 2in. planks, 
and of 3ft. and 10ft. in that of thin plates. It is not, as a 
rule, advisable to take averages upon which to base future 
calculations — that is to say, averages of results, although 
each result should be the average of a number of experi- 
mental observations of the same thing, to insure accuracy. 
But in this case it may be observed, on an examination of 
the experiments, that there is less reason to refrain from 
adopting an average of lengths than of depths; the 
depths, therefore, and their corresponding co-ef&cients, are 
given in detail, while, in respect of width of opening, the 
means of the values of the several co-efficients are set 
down, 

Mr. Beardmore, a very good authority, gave 6*1 for 
thin plates. Mr. Francis, of Lowell, U.S., gives what is 
equivalent to 4*81 for a plate lin. thick, biufc rounded off 
on both arrises, so that there is only ^in. flat on the top. 

But for temporary stream-gauges it is hardly possible 
to bring the water to a still head, such as the values of c 
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above stated demand; and probably those derived from 
the experiments at Chew Magna, before i eferred to, would 
give results nearer the truth in such cases. They are 
approximately as follow, for an iron plate 2in. thick, flat 
on the top, the width of the opening being 10ft. : — 

Depths. Values of c. 

lin. to 2m 5*0 

2m. to2|in 5*1 

2Jm. to2Jiii 5-2 

2Jin. to 2Km. .. .. 5-3 

2im. 5-4 

3in. 5-5 

Sin. to4in .5-6 

4in. to 5in 5-7 

5m. to6in 58 

6in. to7in 5-8 

Tin. to Sin 5-7 

Sin. to 9m 5*6 

It may be observed in general that the fundamental 
law of water falling over a weir is the law of gravity as 
it affects a heavy body falling freely, which is, if we put 
g = the force of gravity = 32, that the velocity in feet 
per second acquired in falling through the height h in feet 
is proportional to ijigh = V^^^ = S^^j neglecting a 
small decimal of '02 or '03. 

The height from which the lowermost particles of a 
hheet of water going over a weir fall, is the height from 
the surface of the water above the weir, where it is com- 
paratively still, above the crest of the weir ; and as the 
velocity of the particles at every point in the height 
decreases upwards as the square root of the depth below 
the surface, the mean velocity of all the particles of 
the sheet of water is necessarily two-thirds of- that due 
to the lowermost, the velocity due to which is 8V^, and 
the mean velocity of all its particles from bottom to top 
is f of 8>v/A = ^ktj^^J the abstract law. 

But when the weir or notch through which the water 
runs is much less than the width of the pond above it, the 
sudden and various changes of direction which the particles 
follow offer a resistance to their free flow, so that pi actically 
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not more than abont five-eighths of the calculated abstract 
quantity passes over a weir — on an average of all circum- 
stances — and if the different circumstances of weirs could be 
neglected, the quantity in cubic feet per second would 
be f of 5 J = 3 J v^ P©r foot in length of the weir. 

If the depth be measured in inches, the constant Z\ should 
be divided by the square root of the cube of 12, = 41-56 ; 
but then, when depths are not great, it becomes better to 
take the quantity in cubic feet per minute instead of per 

, 200 
second, and in this case 3J x 60 = 200, ai^^j]^ = 4-81, 

the constant multiplier for these measurements. It is 
less than is sometimes adopted, but is as much as it is safe 
to adopt without taking into account all those particulars 
of a weir which bear upon the obstructions or facilities to 
the flow of water over it. 

This constant 4*81 is applicable to what may be called 
the normal condition of a weir, in which the water falls 
over the weir or notch from a still head, and when the 
height A is the whole height from the sill of the weir to 
the surface of still water above it — say four or five feet 
above it — and when there is no velocity of approach. 

When the water arrives within a few feet of the weir in 
a stream with some sensible velocity it must be taken into 
account ; it is equivalent to an increase of head forcing 
the water over the weir, and this head is one sixty- 
fourth part of the square of the velocity in feet per 
second with which the water flows, at its surface, towards 
the weir. 

The condition which most influences the quantity of 
water passing over a weir, when calculated from the 
whole height (%), is the thickness of the lip or sill over 
which the water flows. It is only when the thickness is 
reduced to a minimum, and eliminated altogether from 
calculation, that even an approximation to the true quan- 
tity of water flowing over a weir can be arrived at by the 
application of any constant, such as 4*8, or perhaps more 
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commonly 5 or 5*1 ; and indeed for accnraoy every weir 
requires a carefnl study of its circumstances. 

The influence of thickness of lip or sill, over which the 
water flows, is shown clearly by some trials made by the 
author, the results of which were communicated to the 
Institution of Civil Engineers, and published in the 
Minutes of Proceedings, vol. xc. p. 305. One set of ex- 
periments was made over a ^in.-plate weir, another set 
over a 3in.-plank weir. The whole depth (h) varied 
from lin. to Tin. The diminution of depth on the 
outer edge is produced by the retardation of the flow 
over the sill of the weir, the thicker sill retarding the 
flow of water more than the thinner one, and a thin plate, 
say T^in. thick, would, if tried in a similar way, pro- 
bably show still less retardation than the ^in. plate. 
Some few experiments were made by the author with 
sills Gin. and 12in. thick, and these showed much greater 
reductions of depth than those with the Sin. plank, but 
they were not made with sufficient accuracy to warrant 
their insertion along with the others in the paper com- 
municated to the Institution. Such as they were, how- 
ever, they showed a greater diminution of depth than the 
weirs of less thickness. The fact, however, which is the 
most evident upon an examination of every experiment, 
with whatever thickness of sill, is that there is no simple 
ratio between the whole depth Qi) and the depth on the 

outer edge (d\ but that -j- varies with every depth, in 

such manner that with the Jin. plate 

d = -72 h + -025 ^2 
and with the Sin. plank 

d='^Zh + -05 ^2 
These are in some measure confirmed by a few experiments 
on the outer edge of 2in. plank-weirs, made by the late 
Mr. T. E. Blackwell. These show that the curve which 
would most nearly traverse the points determined by the 
experiments is one of which the following would be the 
equation, viz., c? = -60 i^ -J- -025 V. 
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The following diagram, Fig. 13, shows all three carveB. 
The scale is one-third of the full size. By plotting the 
dimensions to the full size, and drawing the cnrve through 
the points determined by the rules just given, the depth 
on the outer edge resulting from every whole depth may 
be accurately measured. 
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SECTION VIIL 
Eainfall. 

The chief source of the rainfall of this country is the 
Atlantic Ocean. The heat rays of the sun convert water 
into vapour ; and as the vapour of water is lighter than 
air, being about five-eighths of the weight of air, bulk for 
bulk at the same temperature and pressure, it rises into 
the atmosphere and collects together in clouds, which are 
blown about by the wind, and chiefly by the prevailing 
westerly and south-westerly winds, moving laterally and 
rising up against the hill-sides into a colder region, where 
it contracts and unites in rain drops, for as it is heat which 
changes the particles of water on the surface of the ocean 
into vapour, so it is the loss of heat which changes the 
vapour into water again. The vapour itself is invisible ; 
what is seen as clouds is partially condensed into water, 
but not yet into globules heavy enough to fall through 
the resisting medium of air. 

Eain is precipitated in large quantities on the high 
ground of the chain of hills which range in a generally 
north and south direction through England, which shed 
the water east and west^-eastwards into the great basins 
of the Thames, the Great Ouse, the Trent, the Humber, 
the Yorkshire Ouse, the Tees, the Tyne, the Tweed, the 
Forth and the Tay, and westwards into those of the Clyde, 
the Eden, the Eibble, the Mersey, the Dee, and the Severn, 
with other (minor) river-basins ; while on the south there 
are the Avon, the Parret, the Exe, and the Tamar. This 
dividing ridge begins in the neighbourhood of Devizes, 
and upon or near it are situated Wootton Basset, Thames 
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Head, Cheltenham, Daventry, Naseby, Coventiy, Birming- 
ham, Wolverhampton, Newcastle-nnder-Lyme, Buxton, 
Chapel-en-le-Frith, Saddleworth, Koohdale, Colne, Settle, 
Eibble Head, Swaledale Head, Tindale Tarn, Tyne Head, 
Tweed Head, and Clyde Head; and so into the rocky 
formations of Scotland. 

These hills intercept the clonds of vapour and condense 
a portion of them which is not able to rise over their 
tops, precipitating a large amount of rain, the fall being 
generally from 30in. to 40in. in a year, and as much as 
70in. or 80in. in particular situations; while other por- 
tions of vapour follow the western slopes until they come 
to a gap or break in the range of hills, through which 
they pour and are condensed on the eastern side, giving 
at these particular places as much rain as on the western 
side. 

If the rainfall on the western coast be compared with 
that further inland, it will be seen to increase as these 
hills are approached. Mr. Bateman drew attention to this 
in his evidence before the Water Supply Commission, to 
the eflfect that if in any particular year the rain on the 
westerly coast, say, at Liverpool, is 36in., and going right 
across the country to the east coast, it increases as the 
range of hills is approached, where it is at the foot, say, 
40in., on the summit of the hills it is from 50in. to 60in. ; 
further east it is 30in., and further east still it is 20in. 
In an investigation he had made across England from 
Liverpool over the Manchester Waterworks drainage- 
ground and over that of Halifax, it was observed that the 
winds impinge upon the westerly slope of the mountains 
which form the eastern side of the Kivington (Liverpool) 
Waterworks drainage-ground, where in a certain year the 
rainfall was 48Jin. 

Over the ridge, in the first trough to the east, are the 
Bolton Waterworks, the trough running pretty nearly 
north and south ; and at Belmont, in the Bolton Water- 
works district, the rain was 53in. The next trough is the 

F 
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valley from which the Blackburn Waterworks are supplied, 
and there it was 42in. ; and over the mountains right 
down in the east it was 30in. 

The Manchester Waterworks are formed in a mountain 
range, the Pennine chain of hills, lying between Man- 
chester and Sheffield, commonly called the backbone of 
England. Eain at Manchester in 1859 was 38in., in round 
numbers. Going eastward, the rain at the Denton Beser- 
voir, which is 300ft. above the sea, was 34in ; at Newton 
it was 35in., and a little further east it was 33in. All 
these places are upon the plain, or nearly the plain. 
Then at the foot of the hills the depth of rain was 46^in. 
Higher up at the head of the valley, on the west side of 
the hills, it was 53Jin., then 57*6^n.; a little further 
towards the head, on the east side, just over the summit, 
it was 58^in. 

At the reservoir of the Sheffield Waterworks, which is 
on the hills more to the east, it was 46in., at Penistone 
39in., and at Sheffield 25in., showing an increase as the 
hills are ascended, and, over them, rapidly diminishes 
towards the east. 

On the line of the Bochdale Canal, which also crosses 
the backbone of England, in tlie same way, in another 
year, the rainfall at Eochdale, which is at the foot of 
the hills, was 39 'Tin. At Whiteholme, on the top of the 
hills, 66'7in. ; at Blackstone Edge tollbar, 67'5in. ; and, 
on the east side, 66 'Gin. \ but these last three places are 
almost entirely upon the summits of hills not more than. 
1,200ft. high. Then at Sowerby Bridge, which is at the 
easterly foot, though comparatively in the hills, it was 
32'27in., and at Halifax less than that. 

It was observed by Dr. Miller, in the Lake district, 
that the rainfall increases up to a height of about 2,000ft. 
above the sea, but decreases on- mountains of higher 
elevation. 

If the elevation of the country lies within the region of 
the rain-clouds, which may be said to extend to about 
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3,000 or 4,000ft., the greatest portion of deposit within 
that range takes place at from 700 to 2,000, or 2,3§0ft. 
If the greater portion of the gathering-ground lies within 
that zone, setting asidQ local circnmstances, that will 
be the elevation which will give the greatest quantity 
of rain. 

Supposing a continuous ridge exceeding 2,000ft. high 
to range north and south, there would be comparatively 
little rain on the east side ; it would stop nearly all the 
rain-clouds from the west, and the water would be pre- 
cipitated on the westerly slopes ; but, where there is a 
range of mountains, the summits of which measure up- 
wards of 3,000ft. with depressions in the ridge, the largest 
amount of rain falls in the valleys to the east of those 
depressions. These westerly and south-westerly winds 
prevail over the greater part of England and Wales ; but 
in the north of England, in Northumberland, a westerly 
wind is a dry wind, and a wet wind on the coast of North- 
umberland is a dry wind in the west. 

Mr. Symons began in the year 1858 to collect and 
arrange the observations which had then been made of 
the depths of rain fallen in previous years, and to extend 
the observations, and since 1860 has published them an- 
nually through Mr. Stanford, of Charing Cross. There 
are more than two thousand places in this country where 
the rainfall is observed daily and sent to Mr. Symons 
at Camden Square. The observations are examined, 
collated, and put into form to be useful both in the 
localities whence they originate and for compaiison with 
the observations of other localities, the whole forming a 
yearly record of great value. 

The rainfall map of the 6th Beport of the Hivers Com- 
mission, 1874, shows the average annual fall at various 
places in most of the river-basins. Taking first those on 
the western coast, which have the heads of the valleys 
towards the east, the rain£Etll is seen to increase upwards 
from the coast as the watersheds are approached, 
thus: — 

F 2 
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Incbes^ 

Mersey basin : Liyerpool 35 

Mancnester 86 

Marple SG 

Ghapel-en-le-Frith 40 

Kibble basin: Preston .. •. 39 

Settle 50 

Lune basin: Lancaster 44 

Garsdale 52 

Lake district : Whitehaven 52 

Kendal 61: 

Taking next, from the same records of rainfall, those 
river basins in which the heads of the valleys are towards 
the west, it is seen that in general, but not without excep- 
tions, the depth decreases from the watersheds towards 
the middle and lower portions of the basins, thus : — 

Inches. 

Thames basin : Cirencester 31 

Oxford 25 

Greenwich 24 

Severn basin: Hengoed 36 

Shrewsbury 27 

Worcester 28 

Wye basin: Khayader 46 

Hereford 30 

Ross 27 

Trent basin: Birmingham 31 

Derby .. 26 

Retford 23 

Galder basin: Halifax 31 

Pontefract 25 

Aire basin : Head of the valley . . . . 35 

Leeds 23 

Yorks. Ouse basin : Richmond 31 

Thirsk 24 

York 23 

Tyne basin: Alendale .. 50 

Tynemonth 27 

On the " Map of the Eivers and Catchment Basins " of 
the Ordnance Survey Office a series of rainfall depths 
are given which, although not the average rainfalls, are 
comparable one with another, and, for this purpose, are 
perhaps better than averages would be. These show 
the following reductions of depth of rainfall firom west 
to east : — 
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Inchef. 

Thames basin: Head of the vaUey ,. 31*8 

Oxford 27-1 

Reading 24*8 

Windsor .. ., .. 23-6 

Kingston 24*2 

Croydon 24-2 

Greenwich 28*5 

Sheemess 22*5 

Severn basin : Head of the valley . . 68 * 4 

Shrewsbury 23*5 

Worcester 260 

Cheltenham 25*7 

Gloucester 21'8 

Wye basin; Khayader 41*0 

Hay 32-7 

Hereford 28*3 

Trent basin: Birmingham .. .. 31*0 

Leicester 27*6 

Loughborough .. .. 26*3 
Derbys. Wye and 

Derwent basin : Head of the valley .. 65*1 

Cromford 37*3 

Belper 29-9 

Derby 29*4 

Don basin: Head of the valley .. 54*8 

Bamsley 27*4 

Sheffield 32*5 

Doncaster 83-1 

Calder basin .. .. 49*7, 31-1, and 27*2 

Aire basin .. .. 39-0, 27*7, „ 24*2 

Wharfe basin .. .. 54-7, 30*9, „ 25*2 

Yorks. Ouse basin .. .. 27*0,25*0, „ 25-5 

Wear basin .. .. 31*3,25*8, „ 24*2 

Tyne basin .. .. 45*5,28*5, „ 24*2 

It is only by a patient attention to and collection of 
observations on the rainfall in various parts of the country 
that data can be arrived at upon which to base calculations 
of what quantity of water may be expected to be derived 
from any particular source in any given locality. All 
atmospheric phenomena are most intricate in their rela- 
tions to and effect upon the land, and nothing but the 
most patient study of observed facts, extending over long 
periods of time, can determine anything worthy of being 
relied upon in practice. 

The rain-gauge is the instrument by which the quantity 
-of rain falling to the earth is measured. There are various 
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forms of it, from the rude quart bottle with a funnel in- 
serted in the neck, to the most delicate instrument of the 
scientific professor. Some are made to carry a float in the 
body of the gauge, to which is attached a graduated rod 
projecting from the mouth of the funnel, which by its rise 
indicates the depth of rain fallen. Others have a gradu- 
ated glass tube attached to the body of the gauge, with a 
communication between them at the bottom, the water 
rising to the same level in both. 

Others, again, are made with a loose funnel inserted 
into a vessel which is to be emptied into a separate gradu- 
ated glass tube when it is desired to know the depth of 
rain fallen. There are also various modifications of each 
of these kinds of gauges by the various makers of such 
instruments. The best size of the mouth of the funnel is 
not very well determined, but a common size is Sin. dia- 
meter; others, again, are lOin. diameter, but Mr. Symons, 
who has under his control a great number of rain-gaugea 
in the kingdom, and who has paid a great deal of attention 
to the niceties of measurement, said that a funnel of 6in* 
diameter is as good as any other, and sufficiently accurate. 
The height at which a rain-gauge is fixed above the 
ground is important to be attended to. It has long been 
known, but apparently not generally known, that the 
nearer the ground the gauge is set, the more rain it regis- 
ters, but it was not until Mr. Symons's comparative expe- 
riments had been made, that anything like a definite 
conclusion on this point had been arrived at. Gauges 
were fixed at all heights from the surface of the ground to 
a height of 20ft. 

At the ground-level itself the cause of the greatest 
register of quantity was proved to be because of the 
rebounding into it of rain-drops falling on the surround- 
ing soil or grass. When, however, a trench was dug round 
the gauge so as to prevent this, the register ceased to 
show excess. On the whole, Mr. Symons recommends the 
mouth of the rain-gauge to be not less than 6in. or more 
than 12in. above the ground, except when a greater ele- 
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vation is necessary to obtain a proper exposure, for this is 
important. 

Gauges sheltered by buildings, or trees, or shrubs, or 
tall flowers, are not in the best situations. The distance 
from any building should be at the very least as great as 
its height. The gauge must be fixed perfectly level. If 
it be impossible to fix the gauge unless near some build- 
ings, those are to be preferred which stand north-west, 
north, and north-east of the gauge ; those standing south 
and south-east will be in the next least objectionable 
quarter, and those standing south-west of the gauge are 
in the most objectionable positions. Observations should 
be made daily, and at the same hour of the day. 

In snow, that which is caught in the funnel should be 
taken out and melted and measured as rain. As a check 
upon this, select a place where the snow is of a fair depth, 
not drifted, invert the funnel and take up a funnel full, or 
whatever can be taken up in this way, and melt it. As a 
second check, measure the average depth of snow and take 
a twelfth of it as the equivalent depth of water. Strike an 
average of the three processes and enter that as the depth 
of rain. But it is to be observed that in respect of the 
first of these methods the snow is liable to be blown out 
of the funnel if the weather be at all windy, and allow- 
ance, therefore, should be made for this. Snow, measured 
in depth within a few hours after it has ceased to fall, has 
often been found to yield, by melting, a depth of water 
equal to one-twelfth of its depth, not unfrequently one- 
tenth, and sometimes one-eighth; it depends upon the 
state of the atmosphere at the time of the fall. 
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SECTION IX. 

Areas of Kiver-basins. 

The areas of the river basins of England and Wales, 
prepared by the Ordnance Department and published by 
Mr. Stanford, of Charing Cross, may be divided into 
sections, as follows, beginning at the Land's End, and 
proceeding along the south-east and north-east coasts, 
and along the north-west and west coasts back to Land's 
End. 

From Land's End to Fowey, a distance of 85 miles 
along the coast — not following every indent of the sea, 
but a general line — 12 rivers or streams have basins of 
47, 40, 29, 33, 10, 33, 12, 40, 66, 50, and 80 sqnare miles 
respectively, and the river Fowey itself of 120 sqnare 
miles. 

Proceeding in like manner, a further distance of 88 
miles from Fowey to Dawlish, there are 12 rivers having 
basins of the following areas : — 

Name. Area 

Yealme 36) 

Erme 43> 

Aune 541 



Name. Area. 

71\ 

Lynher 100/ 

Tamar 385 

Tavy 85 

Plymouth Leat .. .. 23 
Plym 59 



73\ 

Dart 200/ 

Teign 203 



From Dawlish to St. Alban's Head, a distance of 90 
miles, there are nine rivers, the areas of the basins of 
which are, in square miles, as follows : — 

Name. Area. 

— in 

Exe 584/ 



Otter 82\ 

21/ 

Axe 165 



Name. Area. 

Char 89 

Brit 52 

Bredy 21 

(Weymouth) 87 
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75 



From St. Alban's Head to Littlebampton, 95 miles, 



there are 13 rivers — 

Name. 
Frome 
Piddle 
Stour .. ., 
Avon .. 
Lymington 
Beaulieu . , 
Test .. .. 



Area. 

187 

119 

459 

673 

9n 

52/ 
477 



Name. Area. 

Itchen 231| 

Hamble .« .. .x .. 85> 

— .. 85) 

(Portsmouth) 235 

.. .. 26\ 

Aran i .. .. 370/ 



The Isle of Wight is not included ; it has a coast-line 
of about 55 miles, and 5 rivers. 

From Lit'tlehampton to Doyer, 95 miles, there are 8 

rivers- 
Name. Area. 
Cuckmar .. .. .. .. 75\ 

Old Haven .. .. .. 121/ 

Bother , 312\ 

-^^ .. .. .. 88/ 



Name. Area. 

.. 35 

Adur 160 

(Brighton) 56 

Ouse 205 



From Dover round by the North Foreland and Whit- 
stable and outside the Isle of Sheppey to Sheerness and 
up to Chatham, and down the Medway again to Sheerness, 
and up the Thames to Greenwich to meet the basins of 
the Thames proper and the Lea, and, crossing over and 
going down the north shore round by the mouth of the 
river Crouch to Brad well, the distance is about 185 miles, 
and there are' th^ following rivers : — 

Name. Area. 

Stonr 373 

The Swale 157 

Medway .. .. .. .. 680 

Cray and others .. .. 3J4 

Proceeding along the east coast to Great Yarmouth, and 
about 20 miles beyond, to the division of the watersheds 
of the Bure and Waveney, a distance of 100 miles or there- 
abouts, the following rivers dii^charge :-^ 



Name. Area. 

Thames and Lea . . . . 4,613 

Roding 317 

GroucA .. .« ,, ,. 181 



Name. 


Area. 


Blackwater 


.. .. 434 




.. .. 24 


Oolne 


.. .. 192 




.. .. 53 


Stour ** .. 


.. .. 407 


Orwell .. .. 


.. .. 171 


Deben 


.. .. 153 



Name. 



Aide .. 
Minsmore 
Blyth .. 



Yare & Waveney 
Bure .. .. 



Area 

32\ 
109/ 

34 

79 

53 
880 
348 
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Again, to and a little beyond the Withem Eau, at 
Saltfleet, a distance of about 130 miles — 



Name. Area. 

Glayen 293 

Nar 131 

Wissey 243 

Ouse ., .. 2,607 

Nene 1,077 



Name. Area. 

Welland 760 

Witham 1,079 

SteepiDg 101 

Withem Eau 189 



Passing the mouth of the small river Ludd, and enter- 
ing the Humber, and proceeding along the south shore 
past Grimsby, New Holland, and Wiateringham, we come 
to the mouth of the Trent, then the Don, the Aire, and the 
Yorkshire Ouse ; and, on the left bank of the Ouse, the 
Derwent, and lower down, the Foulness and the river 
Hull; then, passing round Spurn Point, we come to 
Hornsea, having traversed the tideway for a distance of 
135 miles or so, although the coast-line from Saltfleet to 
Hornsea is not more than 40 miles ; yet we are bound to 
go so far up the Humber to meet those great rivers the 
Trent, the Don, the Aire, the Wharfe (the area of which 
is here included in that of the Ouse), and the Ouse itself* 
The areas of these river-basins are as' follow ; — 



Name. Area. 

Ludd 139 

.. .. 39 

122 

Ancholme 244 

Trent 4,052 

Don 682 



Name. Area. 

Aire .. •• • 815 

Ouse 1842 

Derwent 794 

Foulness 133 

Hull .. 364 

206 



Besuming, there are, from Hornsea to Bedcar, a distance 
of about 80 miles — 

Name. Area. 

Esk 147) 

100/ 



Name. Area. 

(Scarborough) 157 



From Eedcar to Tynemouth, 44 miles, there are — 



Name, 
Tees .. 



Area, i Name. Area. 

708\ Wear 456 

77/ I Tyne 1^30 



From Tynemouth to Berwick-on-Tweed, 60 miles — 
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Name. 



Blyth .. 
Wansbeck 



Aiva. 

311 

131/ 

126 

37 

18 



Name. 
Coquet 
Aln .. 



TiU 



Area. 
240 
104 
129\ 
87/ 
231 



The object we have in view in making these tabular 
statements is to show, at a glance almost, what a large 
number of small river-basins adjoin the sea-coast of Eng- 
land and Wales ; but without further remark at present 
upon that point, we proceed to the north-west coast^ and 
follow it and the west coast to Land's End, whence we 
started. 

From the river Line, in Cumberland, to the mouth of 
the Kent, at the head of Morecambe Bay, there are the 
outfalls of the rivers of the Lake district of Cumberland 
and Westmoreland, the distance being about 125 miles to 
the southern watershed of the river Kent. 



Name. 



Area. ! 



Name. 



21\ I Calder 

Line 104/ Irt .. 

Eden 915 | Esk .. 

Wampool 78| Duddon 

Waver 70 

EUen .. 72 

Derwent 262 Leven. 

ll[ ' Kent 

Ehen 72 , 



Area* 
28 
61 
64 
46 
28 
56 
202 
255 



These rivers convey into the sea the surplus waters 
from XJlleswater, Haweswater, Bassenthwaite lake, Der- 
wentwater, Thirlmere, Crummockwater, Buttermere, 
Loweswater, Ennerdalewater, Wastwater, Conistonwater, 
and Windermere. 

From the watershed of the Kent, round by Blackpool 
and up the Kibble nearly to Preston, and back by South- 
port to Formby, near the mouth of the Mersey, is about 
50 iniles, along which the following rivers discharge : — 



Name. 
Lnne .. 
Wyre .. 
Kibble 



Area. 
418 
208 
585 



Name. Area 

Douglas .. 168 

55 
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Going from Formby tip the Mersey about 10 miles 
above Liverpool, and crossing over to the month of the 
river Weaver, back by Birkenhead to the mouth of the 
Mersey and round by Hoose and West Kirby to the head 
of the Dee estuary, and back round Air Point to the coast 
at Prestatyn, the distance is about 85 miles, and it includes 
the outfalls of the basins of the following rivers, viz. : — 



Nune. Area. 

Alt 126\ 

Mersey 885/ 



Name. Area. 

Weaver 711 

Dee 813 



Thence along the northern shore of Wales, round by 
Great Orme's Head and through the Menai Strait along 
the western coast of Carnarvon and round to Aberdaron, 
is 90 miles, and the following rivers fall in : — 



Name. Area. 

Clwyd 319 

— .. .. .. .. .. 39; 

Ck)nway 222 

.. • 78 



Name. Area* 

Seiont.. 143) 

Soch 33I 

Erch .. .. 55} 

Dwyfach .. .. .. .. 48J 



The Isle of Anglesey has a coast-line of lOO miles, and 
5 rivers — 



Name. 
Braint 
Cefni .. 



Area. 
53 
41 
47 



Name. 
Alaw .. 



Area. 
69 

58 



From Aberdaron, along the^hore of Cardigan Bay to 
Cardigan Head is 100 miles, including — 



Name. Area. 

Prysor 141 

Artro 451 

3 

Mawddach 1511 

Dysynni 64 1 

AfonDyfi 217J 

Leiy 34 

24 

Kheidol 70 

Ystwyth 75J 



Name. 
Wyrai.. 
Arth .. 
Aeron . . 



Teifi 



From Cardigan Head round by St. David Head, and St. 
Govens Head, to the mouth of the Bristol Channel at 
Worms Head, is a distance of 160 miles, in which are — 



WEST. 



77 



Name. Area. Name. Area. 

Nevem 94\ Towy 514 

(St. Bride's Bay) .. .. 65/ Gwendraeth 73\ 

Cleddau 212\ Llwchwr 156/ 

(Pembroke) 114/ 

— en 

Taflf 183/ 

From Worms Head along the Sontli Wales shore by 
Swansea, Cardiff, Tredegar, and Newport, to the water- 
shed dividing the Wye from the Severn basins, is lOQ 
miles or thereabouts; and there are 12 rivers, viz. : — 

Name. Area. 

Bumney 94 

Ebbw 
Uak 



Name. 



Area. 



94/ 
540\ 
55/ 
1,609 



Tawe 106 

Neath 118 

Afon 87 

Ogmore 114 > Wye 

67 

Ely 81\ 

Taff .. 198/ 

Taking the Severn basin properly to terminate where 
it meets that of the Wye on one side of the Channel and 
that of the Bristol Avon on^ the other, near Anst Passage, 
and returning down the Channel on the Somerset and 
Devon shore to its mouth at Hartland Point, west of Bide- 
ford Bay, there are, in 120 miles, 15 river-basins, in- 
cluding that of the Severn, viz. : — 



Name. Area. 

Severn 4,350 

Avon 891 



Yeo 
Axe . 
Brae . 

Panet 



106 
101 
197 

80) 
562 [ 

82 



Name. 



Area 
24 



East Lynn 41 

47\ 

Taw 455; 

Torridge .. 336\ 

.. 10/ 



On the Devonshire and Cornwall coast, from Hartla^ 
Point to Land's End, there are river-basins of the follow- 
ing areas, in a distance of 110 miles, viz. : — 108, 8, 149> 
154, and 43 square miles ; and another, in which St. Ives 
is situated, of about 10 square miles. 
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SECTION X. 

Conduits. 

Water may be very well conveyed along a hill-side in an 
earthenware pipe, in moderate quantities. A 24in. pipe 
running half full, with an inclination of 6ft. in a mile, 
will carry a million-and-a-half gallons a day, and 2^ 
millions when running two-thirds full. But to go to a 
smaller size, a 12in. pipe with the same inclination would 
carry 300,000 gallons a day, half fall, and 460,000 gallons 
if running two-thirds full. A 27in. pipe will carry, at 
ihe two degrees of fulness mentioned, 2,300,000 gallons, 
and 3,400,000 gallons, respectively, A 30in. pipe, nearly 
3 million gallons a day half full, and 4^ millions if 
running two-thirds full. 

The carrying capacity of any circular pipe may be found 
for any degree of fulness from the following considerations. 
If fall, or half full, the hydraulic mean depth is half 
the radius. This is evident, because the cross-sectional 
axea of the pipe is equal to that of a triangle, the base of 
which is equal in length to the circumference of the circle, 
and the height to the radius, half of which, multiplied into 
its base, is the area. The hydraulic mean depth is, the 
area divided by the whole circumference when the pipe is 
running full of water, and is, therefore, half the radius ; 
and it is the same when the pipe is running half full, for 
in that case it is half the area divided by half the circum- 
ference; but at any height, H, above or below the centre 
of the pipe, it is as follows — D representing the diameter, 
and B the radius : — The width at the sxuface of the water 
(see Fig, 14) is W = VR'-H^x 2. 
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The width V is "^ "" ^* From H and V find the 
2 

length of that part of the circumference in contact with 

the water above the centre 

of the pipe, and add it to 

the lower half of the cir- 

cximference, thns procuring 

the wetted border of the 

section. The length of the 

two arcs above the centrb is 

the same as that of a single 

arc the chord of which is Fig. 14. 

2 H. Find the chord of half the arc 

= VH* + V^ = 0. Then ^ C! - 2 H ^ ^^ ^^^^^ ^^ 

the two arcs above the centre, to be added to that of the 
lower half of the pipe, to find the wetted border, which, 
being multiplied into half the radius, gives an area, to 

XT 

which is to be added W x for the whole sectional 

It 

area of the stream, and this divided by the wetted border 
gives its hydraulic mean depth. 

For example, in a pipe 24in. diameter running two- 
thirds fiiU, the height H, is 4in., and the width W = 
V122 « 42 X 2 = 22-62. 

24-22-62 



The width V is ' 



2 



The chord of an arc above the centre is C = V^^ + ' ^^^ 
= 4-05. 

The length of the two arcs is ^ ^ 4 05 - 2 X 4^ 3.^3^ 
The lower half of the circumference of the pipe is 

3-1416 X 24^ zi'l^, and 37-70 + 8-13 = 45-83in, = 

2 
3'&2ft., the wetted border. 

The sectional area is 45-83 x 6 + ^^'^^^^ ^ = 
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320 sq. in. = 2-22 sq. ft., and the hydraulic depth, or 

2*22 
mean radius, is — - = -SSft. 
8-82 

If Eytelwein's rule be adopted, in which A represents 

the hydraulic mean depth, and / twice the fall per mile, 

the mean velocity of the stream of water would be 

— \j~Tf = - V^8 X 10 = 2- 18ft. per second, or 130ft. 

per minute, and the area being 2 • 22 sq. ft., the quantity 
is 288 cubic feet per minute, or 2,592,000 gallons per day 
as before stated. 

Larger pipes than those of about 24in. diameter are 
difficult to handle, require heavy tackle to lift about, and 
are liable to split longitudinally with external pressure, 
unless the pipes are evenly bedded all round the lower 
half, and the haunches of the top solidly filled in between 
the pipe and the sides of the trench. 

At what diameter, exactly, a brick or stone conduit 
becomes cheaper than a pipe, depends upon the local 
materials ; but, usually, about 20in. becomes the turning- 
point, in respect of expense, between an earthenware pipe 
and a culvert of masonry. The pipe has some advantage 
in being glazed, but for clear water this is not of much 
importance. A circular conduit, 2ft. diameter and half a 
brick thick, would usually be laid at less expense than a 
pipe of the same size. Very excellent conduits are made 
of square shape, with flag bottom and covers, and sides of 
clean bedded stones with squared joints. A larger 
quantity of materials is required for this form than for a 
circular one, because to carry the same volume of water 
at the same inclination, a larger sectional area is required, 
and the walls, being straight, need to be thicker. 

The question arises, when considering the advisability 
of adopting a square or a circular form, what are the 
comparative carrying capacities of the two forms, the 
more immediate question being what dimensions of the 
square form carry the same quantity of water per day or 
per minute, as a circular conduit of given diameter. This 
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may be seen from the following considerations: — In 
rectangular channels the best proportion of width to 
depth of the stream of water is width 2, depth 1. That 
proportion is the best which gives the greatest hydraulic 
mean depth with a given quantity of materials used in 
the construction of the channel, because, the greater that 
depth, the less need be the sectional area of the stream^ 
the carrying capacity of all conduits having the same 
inclination being as the area multiplied into the square 
root of the hydraulic mean depth. A rectangular conduit 
may be compared with a circular one in the following 
manner: — Let them 
both run half full; <> — j\p 



8>Ti> -> 



then if the height of 
the rectangular con- 
duit be the same as ^ 
its width, the width ' ^^T*^^ 
of the stream will Fig. 15. 
be twice its depth. 

Let A represent the hydraulic mean depth, as before, W 
the width, and D the depth of the stream (see Fig. 15). If 
the width be twice the depth, the area is 2 D^, and A = 

2 D^ 2 D2 

1^ . 2 D == I~D = ' ^ I^ 5 *^^* "*> 1^ * rectangular stream 

in which the width is twice the depth, the hydraulic 
mean depth is half the simple depth, as, in the circular 
form, it is half the radius. Then V~^ = V^ ^ = ' 707 

vi>. 

The sectional area multiplied into the square root of 
the hydraulic mean depth thus becomes 2 D^ X '707 
;/T) = 1'41 V ^^y and this quantity must be the same 
in the square as in the circular form, to satisfy the con- 
ditions. 

For example, in the case of a rectangular stream, in 
which the width is twice the depth, what wotild be the 
dimensions to make the carrying capacity equal to that of 
a circular conduit 3ft. diameter running half full? In 

<3 
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this latter form the hydraulic mean depth or mean radius 
is 'TSft. The area of the lower half of the condnit is 

3-UI6 X 3 X -75 ^ ,^ 

2 = 3'53 sq. ft, and the area multi- 
plied into the square root of the hydraulic mean depth is 
A X V~^ = 3-63 X ^866 = 3-06. Then in the rectan- 
gular channel A x V ^ = I'^l ^ W =^ 3-06. D^ = 

\2 



/3'05Y ^ 
Vl-41/ 



4-66, and D = V4-66 = l-36ft., the depth, 

and the width is 2 • 72ft., the area being 3 • 70 sq. ft. The 

border is W + 2 D = 5 • 44ft., and the hydraulic mean 

3*70 
depth is = -esft., being half the depth, as before 

stated. If the quantities of water carried by the two 
conduits be calculated from these data, they should be the 
same. 

Small conduits are more liable to freeze than large ones, 
and shotild be covered, to protect them from freezing as 
well as from dirt. Snow is troublesome in an open conduit 
whether large or small ; it clogs the run of water ; but 
the freezing over of the surface of a large body of water 
is not of so much importance as in a small one. In 
either case it reduces the sectional area of the stream, 
and at the same time increases the solid stirface with 
which the water runs in contact, but the eflfect of this 
in reducing the quantity of water carried is but little 
in a large conduit, while it is very considerable -in a 
small one. 

In respect of protection from dirt, fencing may be 
sufficient in the open country, but the expense of fencing 
bears a greater proportion to the whole expense in a small 
than in a large conduit, and is almost as much as that of 
covering a small conduit. If the line of conduit is not 
subject to contamination by dirt it may be open, though 
it be not large, if the inclination is sufficient to cause a 
velocity of about 3ft. per second. This woald wash away 
earth if not protected by a facing. 
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In an open conduit cut with side slopes at which the 
ground will stand without slipping, so that the facing is 
fbr the purpose of protecting the earth from the wash of 
water rather than for keeping it up by its weight or 
lateral resistance, the side slopes would usually be flatter 
than those which coincide with the best form in respect 
of carrying capacity. They would usually be 1 J to 1 or 
more, but side slopes of 1 J to 1 are best in respect of 
carrying capacity, which, with these slopes, is the same 
as that of a rectangular channel of a width equal to 
twice its depth, and of the same sectional area. The 
peculiarity of this slope is that the length of the two 
slopes and bottom is the same as the length of the two 
sides and bottom of a rectangular channel of the propor- 
tions mentioned, the area of the two forms being the 
same ; consequently the hydraulic mean depth is the 
same, and, therefore, the discharging capacity. If the 
slope be drawn through the point M in Fig. 15, it will 
leave the area of the section the same as that of the rect- 
angular channel, whatever the slope be, but there is only 
one slope which will leave the length of border the 
same as that of the rectangular channel ; that slope is \\ 
to 1, and the length of the two slopes is equal to the top 
width, being 3J times the depth, the bottom width being 
f of the depth. Referring to the figure, the area is 

3j^D+fD X D =2 D2, and the border is If D+J D+ 

2 
If D = 4 D. Hence, the hydraulic mean depth is 

— -—= '5 D, the same as that of the rectangular channel, 
4 D 

and also of the circular one. 

But sometimes practical considerations have greater 
weight than the best deductions, and the sides of an open 
channel would generally be less troublesome to keep up 
with slopes of 1^ to 1 or more. Frost is the great dis- 
turber of the upper part of open channels, whether large 
or small, although the covering of water prevents it from 
reaching the bottom. The sides above the water should 

G 2 
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be porous — ^the facing, that is to say, should not be close- 
jointed — so that water may not accumulate behind it, for 
when it does so, it swells when frozen and disturbs the 
facing. But when the facing is thus open-jointed it would 
be the means of introducing mu^ into the conduit from 
behind it in long-continued rains upon clayey ground ; 
to prevent this, the facing should be laid upon a bed of 
sand. 

Through loose ground the making of the conduit water- 
tight must always be one of the chief difficulties — ^a 
difficulty of course to be overcome. For this purpose 
puddle, to be used with all materials except concrete, is 
perhaps the least expensive material, and gravel puddle 
is better for the purpose than clay puddle. A foot is an 
abundant thickness for small conduits for the bottom and 
slopes of the ground, and 2 ft. above-ground in the em- 
banked portions of the line of conduit. In these the 
hardest of the excavated earth will be placed along the 
central portion, and brought up to the level of the under- 
side of the puddling, as far as the height above-ground is 
but a few feet. 

A material which may be used for conduits is concrete, 

made with Portland 
cement of good quality. 
It forms at once a water- 
tight channel and one 
which needs but little 
protection of the surface, 
a facing of cement being 
sufficient for all that 
part under water, but 
above the water, in an 
open conduit, it would 
be preferable to face the 
concrete with brick or 
stone, and indeed for some little depth below the water 
surface. A covered conduit may equally well be made 
with concrete, both bottom and top, and the thickness 




COVERED CONDUIT 
Fig. 16. 
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need not be more than about half as much more as would 
be the proper thickness of brickwork. 

Beyond the several points in a long line, of conduit at 
which slight cutting should end, or the height above- 
ground would be but a few feet, and where it would be 
economical to cross straight over low ground rather than 
extend the line far up the hollow and back again on. the 
other side, the aqueduct is best carried on piers and 
arches ; but economy points to girders, which can be made 
to carry the water between them on a floor laid upon the 
lower flanges, or in the form of a wide box-girder ; but 
if the water runs in contact with the iron the con- 
ducting property of the metal quickly draws heat from 
the water in winter. If it be lined with a non-con- 
ducting material, which is at the same time brittle, the 
difference in the rate of expansion by heat of the metal 
and the lining tends to destroy the adhesion. This 
may in some measure be prevented, and perhaps entirely, 
by sinking the aqueduct bodily as far as is necessary 
to completely immerse it, so that it may preserve a 
nearly uniform temperature both top and bottom; but 
this, of course, somewhat adds to the retardation of 
the flow by increasing the wetted border. To prevent 
contact with the metal altogether, by substituting an 
independent carrier for the water within and clear 
of the girders, would be expensive, but such a carrier 
might very well be made in earthenware, either rec- 
tangular or circular, and of any size by being jointed 
crosswise. 

The least expensive aqueduct wotild be an earthenware 
pipe— of stoneware or fireclay — carried on a single girder 
in saddles upon the top flange. An open girder, continuous 
over the piers, with wide flanges both top and bottom, 
would resist the wind, and as the pipe and the water 
together would be of considerable weight, it would not be 
likely to be blown off the girder, especially if tied down 
with a strap over all, every 10ft. or so. 

However desirable it may be to follow the contour of 
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the ground, there will occur, in any conduit of considerable 
length, breaks in the continuity of such a line, caused by 
an intervening valley, or by a range of hills, through 
which a tunnel may be necessary, in order to continue the 
conduit. In the case of a valley to be crossed, cast-iron 
pipes are used, laid underground at such a depth that they 
may have a sufficient covering for their protection (say 
2ft.), and rising again on the opposite side to within so 
much of the level of the conduit from which they depart 
as will give a sufficient head to the water to force its way 
through them. The following formtdsa by which the 
necessary difference of level of the two ends of the pipe, or 
the head, is ascertained, are based on the experiments of 
Dubuat, Bossut and Couplet. Taking a number of their 
experiments made with pipes of from lin. to Sin. in 
diameter, and from 30 to 1,700ft. in length, M. Prony 
found that, taking English measures and putting 
h = the head of water in feet, 
I = the length of the pipe in feet, 
d = the diameter of the pipe in feet, 

«; = the velocity in feet per second = 48*49 a/ ^ 
and by substituting a fall in feet per mile, which call 

Eytelwein, taking the same set of experiments, found 

that t? = 60 \/ ,— t-tttj* "^^ correction 50d is for short 
V f -|- 50a 

pipes, but in case of actual waterworks practice it may 
be neglected, and then Eytelwein's expression may be 

translated into v = y^/ oTTT ^^^/~ j— • 

In using these and similar rules for practical purposes, 
engineers have, in exercising a wise precaution in under- 
estimating rather than over-estimating the capacity of a 
pipe to deliver water, had a tendency to increase these co- 
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efficients of 2*24 or 2 '11, for the purpose of allowing for 
the obstruction of bends and other irr«(gularities in a long 
length of pil>e,, and Mr. Blackwell proposed 2*3 in all 
cases ; but a few of the more eminent water engineers, 
who have had large experience in gravitation works, have 
been able to ascertain from actual examples the quantity 
of water passing through long and large conduit pipes, 
and Mr. Bateman has said that the very general metliod 
of coating pipes inside and out with the pitch of coal-tar, 
to preserve them from oxidation, has had the effect of 
diminishing the friction of the water to a considerable 
degree; so that it is probable that when pipes are so 
coated the effect of it is to facilitate the passage of the 
water to quite as great an extent as the bends and other 
irregularities retard it. Eoundly, 10 ft. per mile may be 
named as the allowance for the difference of level of the 
two ends of a pipe thus laid across a valley ; but where the 
pipe is large, less than that is sufficient. Ten feet per 
mile will induce a velocity of 3ft. per second through a 
2ft. pipe. 

It frequently happens that in a length of several miles 
of conduit pipe one or more streams of water, or ravines, 
or other such places, have to be crossed, and instead of 
passing under them, the pipes are sometimes carried over 
them, as shown in the illustration (Fig. 17). 

Large pipes are now commonly cast in 12ffc. lengths, so 




Fig. 17. 

that a stretch of 36f(;. can be had from side to side, and if 
^ greater length be required, one or more intermediate 
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piers can be built. It is not nsual to carry more than 
tliree pipes in one stretch; but three are safely thus 
carried across such places by means of flange joints strongly 
bolted, the flanges themselves being also of more than the 
ordinary strength. 

As to the strength of cast-iron pipes laid across a valley, 
it is necessary to consider that concussions may occur if 
stop valves be placed on the line, and also that concussions 
may occur if the pipe be so laid as to be liable to air locks, 
although no concussion would occur from either cause, if 
in the one the valves were made with a pitch of screw so 
small as to prevent the valve door being shut down sud- 
denly, and, in the other case, if one or more self-acting 
air valves were placed on the summit of every rise. The 
most trying time to a pipe of this kind is when it is first 
charged with water ; but it is easy to admit the water for 
the first time gradually, and not recklessly to open the 
valve at the head of the pipe, as if it were already full of 
water. When these precautions are taken, there is no 
need to make the strength of a pipe equal to more than six 
times the strain it is subject to from the head of water 
upon it ; and if we take the low estimate of six tons per 
square inch as the utmost tensile strength of the iron, we 
shall have a working strain of one ton per square inch of 
metal. 

At the head of a line of conduit pipe there should be a 
sluice valve, and a provision made for turning the water 
sideways into some proper watercourse. The mouth of 
the pipe should be some feet below the head of water — 
10ft. is not too much — to prevent air being drawn i> to the 
pipe during the ordinary working. When this ^alve is 
shut down, the body of water shut into the pipe will pro- 
ceed on its course at first with the momentum it had 
acquired, leaving a vacuum between its head and the 
sluice valve, which will cause it to partially return, and 
to oscillate backwards and forwards until the forces within 
the pipe are balanced. 

At every low point a washing-out pipe should be placed^ 
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with a valve upon it, so that the condtiit pipe may be 
emptied when necessary. It is well to have these outlets 
of limited size, so that carelessness in opening them sud- 
denly may not cause damage to property on the brook 
course below, if it be a mere brook into which the water 
is turned. 

It will not unfrequently happen that in the course of a 
long conduit pipe a railway will have to be crossed, and 
here the pipes should be unusually thick — capable, say, 
of withstanding ten times the strain they will be sub- 
ject to. 

In cutting the trench for the pipes, air locks should be 
as much as possible guarded against by cutting through 
many small elevations of ground, so that long reaches of 
rise and fall may be obtained. The desirability or otherwise 
of this certainly depends on the perfection of action of the 
air valves ; for if this action be perfect the more ups and 
downs the better, for the air has then shorter distances to 
travel before it can escape ; but, considering that a large 
quantity of air is contained in the water itself which is 
constantly seeking a higher level, it is perhaps better to 
afford it as few points of accumulation as possible. The 
best known air valves are those with a ball of gutta percha 
falling down from its seat as long as it has nothing but 
air to support it, the air meanwhile escaping, when pressed 
by water, but rises to its seat by floating on the water 
when it reaches it, and as long as no fresh supply of air 
accumulates about it it is held up tightly to the india- 
rubber seat provided for it. These valves are made by 
Messrs. Guest and Chrimes, of Kotherham. 

In a discussion on a paper on the Melbourne Water- 
works, Mr. Hawksley stated that concussions in mains are 
caused by the sudden escape of air at the air valves, 
causing two columns of water to meet each other and 
give a blow to the pipe, and in one case he ordered the 
air outlet to be no more than -}in. diameter, so that the air 
could escape only gradually. 
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SECTION XL 

Tunnels. 

On the Bristol Waterworks there are three tunnels — one 
at Harptree, about 1 J mile in length ; another at North 
Hill, about half a mile, and another at Winford of one 
mile, all on the main conduit, and another on a branch 
conduit. The first-named of these tunnels was driven 
through an intensely hard and di£&cult conglomerate rock, 
without beds or joints. There were nine shafts, and at 
some of the faces of the tunnel the driving alone cost £6 
per lineal yard ; although at others it was only £3. The 
Average cost of powder alone was 10«. per lineal yard. 
The size of the hole blown out was about 6ft. square, and 
the very rough bottom and sides were afterwards lined 
with masonry. The contractor who undertook this tunnel 
was. obliged to give it up before it was half driven, and 
the diiving of it was re-let at £3 148. per lineal yard, 
being at the rate of 18«. 6d, per cubic yard, and the 
masonry at about BOa. per lineal yard, being together 
£5 4«., but there were extras which brought up the cost 
to £6 10«. per yard. 

The driving of the North Hill tunnel, through mag- 
nesian limestone, was estimated to cost £3 5«. per lineal 
yard in rock, being at the rate of 168. per cubic yard, and 
at the loose ends £1 IBs. per lineal yard, being at the rate 
of 78. per cubic yard. 

At the Winford tunnel, through blue lias beds and 
shale, and some marl, the contractor was paid for the 
driving of the tunnel in rock £2 10«. per lineal yard, 
being at the rate of 12«. 6d. per cubic yard ; and in clay 
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at £1 15<. per lineal yard, being at the rate of 1$. per 
cubic yard. 

At a water tunnel in Dorsetsliire, througli the Kim- 
meridge clay, 5ft. high, and 3ft. Gin. wide in the dear of 
the masonry, which was 12in. thick, the tunnel being 
abont half a mile in length and 300ft. below the summit 
of the hill, the driving was estimated to cost, at the loose 
ends, £1 15«. per lineal yard, and in the main portion of 
the tunnel £2 10«. It is worth noting that this tunnel 
gave out so much foul air that the men could not work. 

The Alwoodley tunnel of the Leeds Waterworks is said 
to have cost £6 per lineal yard complete. 

The Mottram tunnel, on the Manchester Waterworks, 

2,770 yards in length, with four shafts, of which the 

deepest was 150ft., and with bore holes for air, the ground 

consisting of clay at one end and sandstone and shale at 

the other, was estimated to cost per lineal yard:-r- 

£ «. (2. 

6 onbio yards excavation, at 5« 1 10 

Brickwork, 1} oubio yards at 25« 1 17 6 

Centres 10 

Proportion of shafts 6 

Pumping, A;c. 16 6 

Total 5 

The tunnels on the Bradford Waterworks were esti- 
mated to cost per lineal yard, where lining was required 
and also timbering : — 

£ ». d. 
4J cubic yards excavation, at 18«. •• .. .. 3 15 

1^ cubic yard masonry, at 24«. .. .. .,160 

12} cubic feet ashlar in springers and key\ ^v «q «. 
stones, at 1». 6(2. j o l» 9 

Total ^ .. .. .. ,. 5 19 9 

and where no timbering was required: — 

£ 8. d. 

3^ cubic yards excavation, at 18« 2 15 9 

lUaaonry as above 2 4 9 

Total .....«•«.. 5 6 
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SECTION XII. 

Service Keseuvoirs. 

The greatest difficulty usually met with in the construc- 
tion of service reservoirs is that of site and elevation. 
The remark made by somebody that it was curious how 
rivers mostly ran through towns must have had its origin 
in a forgetfulness of the circumstances under which towns 
have grown up. Towns have begun to be formed on the 
banks of rivers more or less navigable, but it was the 
navigability of the river that first induced settlement on 
its banks for the purpose of commerce ; and then, up to 
the time that steam became known to be so powerful an 
agent, and as roads began to be made, waterfalls were 
sought for power for manufactures, as well as for manu- 
facturing uses. So that we find the "centres" of all 
manufacturing towns close to the rivers running through 
them; but presently people build their houses outside 
and away from their factories and warehouses, and there- 
fore on higher ground, and it is this tendency to get to 
higher ground on which to build houses, that renders the 
choice of a sufficiently elevated site for a service reservoir 
difficult to find within a moderate distance of the town. 
The service reservoirs of Manchester are five miles off; 
those of Liverpool eight, miles; and those of the most 
feasible scheme once proposed for the supply of water to 
the metropolis were to be ten miles off. However, those 
of most otiier towns are nearer. When the service reser- 
voir is made near the town it ia recommended that it be. 
covered, to protect the water from the impurities of the 
atmosphere ; ahd tn all cases a service reservoir should be 
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covered if it is less than 15ft. deep, for if still water be 
exposed at a less depth than that, vegetation is promoted, 
and when that dies animalculdd are formed. 

The size of a service reservoir, unlike that of an im- 
pounding or storage reservoir, depends upon circumstances 
within the immediate control of the engineer — that is to 
say, it depends upon the character of the supply. If the 
supply be through a conduit from a storage reservoir, and 
the conduit be a short one, one or two days' supply may 
be sufficient, because anything happening on such a con- 
duit to prevent the delivery of vrater can soon be put 
right ; while the longer the conduit, or the more complex 
in character, the greater should be the contents of the 
reservoir. The service reservoir of the scheme already 
mentioned as designed for the supply of the metropolis, 
the conduit of which was to be 180 miles in length, vras 
intended to hold three weeks' supply. Also where a 
service reservoir is supplied by pumping engines, it 
should hold a considerable quantity of water, to allow of 
stoppages of the machinery or part of it. Generally, 
perhaps from three to seven days' supply may be said to 
be the ordinary practice. 

Keservoirs not requiring to be covered are usually 
formed by excavating the ground and embanking the 
earth round it, adjusting the level of the bottom of the 
excavation eo that the quantities of cutting and embank- 
ment are equalised. To render the reservoir watertight, 
it is usual to lay down a flooring of clay puddle, 18in. to 
2ft. in thickness, worked in layers in the manner described 
for the puddle of the storage reservoir. The slopes of the 
excavation should be not less than 2 horizontal to 1 vertical, 
and should be cut down in steps, so as to hold up the 
puddle placed on them. From the top of the slope of 
the excavation the puddle is continued on the surface of 
the ground (the bed-puddle) to the centre of the bank, 
and up through the centre of the bank the puddle is 
carried as a wall. In reservoirs of considerable size it is 
necessary to lay down this bed-puddle, or over a part of 
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its area, before the floor-puddle and that on the slopes can 
be completed, in order to provide a place of deposit for 
the excavated material, but a margin of it, of not less 
than 3ft. wide, should be left uncovered, so that the slope 
puddle may afterwards be joined up to it; and tlus 
margin should be formed thus : — 




Fig. 18. 

So that when the joining up is to be done the layers may 
overlap and be re-worked into each other. This part of 
the work requires the greatest watchfulness to ensure 
soundness. 

It is often the case that the thickness of the puddle 
wall of service reservoirs is made less than that of storage 
reservoirs proportionally to the height, but it is not very 
obvious that this is sound practice. It may be said that 
in the higher bank there are more risks of disturbance ; 
yes, but then the puddle is made thicker in proportion ta 
the height. Of course, if the larger reservoir burst, more 
damage will be done than if the smaller one were to fail ^ 
but this hardly forms a good reason, for the damage done 
by the bursting of even the smaller reservoir would be 
sufficiently serious to prevent any risk being incurred on 
that score. As long as the puddle wall of the larger bank 
is held up in its place, it has no more force to resist, 
proportionally to its height, than that of a smaller bank, 
and the possibility of its not being constantly held up in 
its place cannot be admitted in the case of the smaller 
any mtore than in the larger bank. The only reason of 
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any valne why the pnddle wall of a large reservoir should 
be proportionally thicker than that of a smaller one admits 
a deficiency of practice. It is that in works of magnitude, 
whOTe large numbers of workmen are employed, it is more 
difficult to ensure sound work than where the attention of 
the inspector can be more concentrated ; but that only 
admits the insufficiency of the number of inspectors. And 
if it be said that there is a difference between the two 
cases, inasmuch as the service reservoir is generally kept 
full, while the storage reservoir is subject to fluctuation 
of level, and therefore of pressure on the puddle wall, this 
does not seem to touch the question, but rather to be a 
consideration in the formation of the inner slope of the 
bank which is to protect the puddle wall. 

The bottom should be formed with an inclination from 
the sides to the centre, and along the centre there should 
be a channel with an inclination towards the lower end, 
and fix>m the lower end of this channel there should be a 
pipe laid to lay dry the bottom of the reservoir — the drain 
pipe. The level to which the water is drawn off for use 
is the foot of the slope, some feet above the bottom of the 
reservoir. The water is drawn off through copper-wire 
gauze strainers of from 40 to 60 strands to the inch. 

For smaller reservoirs, covered over when finished, 
vertical walls are built, and the excavated material 
embanked around them. Sometimes these reservoirs are . 
made circular, but they are difficult to cover economi- 
cally, although the form itself is economical in respect 
of wall material, the circle containing a greater area than 
any other form having the same length of wall. 

The best way of covering service reservoirs is by 
running 14in. walls lengthwise at distances of from 15 to 
20ft. apart, and turning 9in. brick aretes over the spaces, 
having a rise of one-fifth of the span, filling up the 
spandrels with concrete, and covering over the whole 
with earth 18in. or 2ft. in depth. Openings may be made 
in the walls, either altogether circular, or in the form of 
vertical spaces arched over, so that the wall consists of a 
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series of piers supporting a continuous depth of wall — 
say 2ft. — from which the main arches spring. One or 
more openings in the arches should be made for the 
escape of air, and a man-hole should be provided, with 
ladder bars built into the wall, or, which is perhaps pre- 
ferable, an iron ladder should be provided by which 
access may be had to the bottom. Ladder bars built into 
the wall have sometimes been made of cast iron, but at 
least one serious accident has happened to a workman by 
the sudden breakage of one of these bars on receiving a 
blow, and they ought to be of wrought iron. 

An overflow weir, capable of passing over the quantity 
of water that the conduit or the pumping main will de- 
liver into the reservoir, should be placed at the top-water 
level, and, having fixed upon the greatest height to which 
the water is to be allowed to rise above this level — say 
6in. — the length of the weir may be found (without going 
into the particulars of the exact form of the weir) by the 

general equation I = ^ i^ where g = the quantity of 

water in cubic feet per minute, d = the depth in inches 
measured from a still head, and I = the length required, 
in feet. 

The sluice valve, by which the water is discharged from 
the service reservoir, belongs to the main, which forms 
the first feature in the means of distribution. 
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SECTION XIII. 

Pressure, and its Effect in Pipes. 

The force and mode of action of water under pressure 
along and at the end of a main pipe may be worth con- 
sidering in connection with its storage in reservoirs such 
as have been described. The pressure of still water is 
the weight of a vertical column of it above the place 
where the pressure is measured ; but still water does no 
work, and when the column is in motion the pressure is 
less. The weight of water is as follows, the foundation 
being the Troy grain, 5,760 of which used to make a pound 
weight ; but this pound not being satisfactory for general 
purposes in England, the pound weight was increased to 
7,000 of tliose grains. An Act of Parliament made a 
gallon of distilled water at the temperature 62° F. to 
weigh 101b., or 70,000 grains, in air of the density pro- 
duced by a pressure equal to the weight of a column of 
mercury 30in. high; and established also, from experi- 
ments which had been made by a commission, that a 
cubic inch of distilled water at the temperature and 
pressure above mentioned weighs 252 '458 grains. A 
cubic foot therefore weighs 252*458 x 1,728 = 346,247 

grains, or ^^ = 62 • 3211b. In half a dozen different 

tables of the weight of mercury compared with that of 
water, six different values may be seen — viz., 13*56, 
13-568, 13-57, 13-58, 13-596, and 13-6. When tables 
differ, what is the proper weight? The difference 
43eems to arise from comparing the weight of mercury at 
one temperature with that of water at another, in some 

H 
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cases, and in other oases in taking water sometimes at tho 
temperature 39 * 2° F., when it is at its greatest density, 
and at other times taking it at the common temperature 
of 62° F. This latter is the more useful for ordinary- 
purposes. At 62° F. mercury is 13 '596 times heavier 
than water. Tho pressure of the atmosphere then is the 

same as a column of, water -^— = 33 • 99ft. high, 

or 34ft., and the corresponding pressure per square inch 

. 34 X 12 X 262-468 -^^,„ .r^ ., 

IS .„ ' , =. 14 "711b. When the mercury 

7,000 

rises to 30*5in. the pressure is 151b. nearly per square 

inch. But as the weight of the atlnosphere is often less 

than 30in. of mercury, and sometimes only 28*6in., it is 

the minimum pressure which should be reckoned upon in 

practice in order to guard against failure of action at all 

28*6 X 13*696 
times. This is -j- = 32* 29ft. of water, and 

the corresponding pressure per square inch is I3*97lb. or 
141b. As the head of the column of water is open to the 
atmosphere equally with the point at which the pressure 
is applied, this pressure is " above the atmosphere," and 
although there may be a little difference between the 
pressures of the atmosphere at the two ends of the 
column, measured at the same instant, if the pressure 
reckoned upon be that of the minimum there will be no 
failure of effect. 

The weights above mentioned relate to water without 
admixture of other matter; common water contains in 
solution heavier matter than water itself, derived from 
the ground through or over, which it runs, and in practice 
a cubic foot is taken to weigh 62^1b. and to contain 
6 1 gallons. 

In the case of a pipe conveying water from a reservoir 
to the place where it is to be used, the column of water 
divides itself into two portions, and the pressure at the 
lower end of the column is according to the height of the 
lower portion. The upper portion, being that part of the 
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whole column between the top of the virtual column and 
the level of the water where it meets the atmosphere, is 
the head of water, which feeds the column as fast as it 
descends by the force of gravity. In a pipe of any given 
diameter, as 1ft., the resistance of the sides of the pipe to 
the motion of the water is proportionate to its length, for 
it is proportionate to the area of surface with which the 
water runs in contact ; secondly, it is proportionate to the 
velocity of the water, for it is proportionate to the number 
of particles of water in contact with a given length of 
pipe, as 1ft., during any given time, as one second. But 
the head of water required to supply the force of which 
the column of water is robbed in overcoming this re- 
sistance must be as the square of the velocity, for not 
only is it thus simply proportionate to the velocity with 
which the water moves, but it must be replenished as fast 
as it runs away. If the length of pipe in contact with 
the water during one second be twice as great in one case 
as in another, then there will be twice the resistance due 
to that cause, requiring twice the head to overcome it, 
and at the same time the water will run away from the 
head twice as fast, and require twice the length of pipe 
full of water to replenish it in the same time. 

The head, therefore, is as the square of the velocity. 
Now as the altitude of the proper head cannot be in- 
creased, but remains at the same level, nearly, whatever 
the velocity in the pipe may be, the only way in which 
the head can be increased is by taking from the length of 
the real column the height which may be necessary to 
give the required velocity — ^increasing the head at the 
expense of the real column, and thereby reducing its 
effective pressure. The same effect may be shown by 
substituting actual pressures for heads of water in a 
horizontal pipe, such as a pumping main. At a point on 
a line of main let three sections of it be marked off, of 
equal length, say 1ft., in the direction in which the water 
flows, and let these sections be numbered 1, 2, and 3 from 
the point of observation. From the same point let three 

H 2 
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other sections be marked off, of the same length, in the 
direction from which the water comes, and let these be 
called A, B, and 0, and let them be bodies of water. Let 
the diameter of the pipe be such that each body of water 
requires a pressure of lib. to be given to it to overcome 
the resistance of each of the sections 1, 2, and 3. Then 
let three operations be performed : 

1. A moves through section 1, requiriDfl: a pressure 

of lib .. .. 1 

2. A and B move through sections 1 and 2, A requiring 

2lb.andB2lb 4 

3. A B and C move through sections 1, 2, and 3, A re- 

quiring Sib., B 31b., and C alb 9 

Then if each operation is performed in the same time, as 
one second, the pressure required is as the square of the 
velocity. 

If feet vertical of water be substituted for pounds pres- 
sure, the illustration serves equally for a head of water. 

In respect of diameter : in pipes of different diameters 
the resistance is inversely as the diameter. The resistance 
is, indeed, directly as the area with which the water runs 
in contact, which in the same length of pipe is as the 
circumference, and therefore as the diameter, and a 
diameter of two offers twice as much resistance as a 
diameter of one ; but the distance at which it acts — the 
radius of the pipe — ^is twice as far removed from the axis 
(the point in which there is no resistance), and this, be it 
remarked, in two opposite directions, so that the effect of 
distance is as the square of the radius, and therefore of 
the diameter; the resistance being direct in its action, 
and the distance at which it acts inverse, the result is 
that the resistance is inversely as the diameter. 

These several forces and resistances are formulated 
thus: — 

Let » = velocity per second. 
I = length of pipe. 
d = die^eter. 
h = head of water. 

Theni^=£^ 
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in whicli c is a constant multiplier deduced from experi- 
ments to be 2,500 when all dimensions are taken in feet. 
This is the value of c according to Eytelwein's deduction 
for long pipes. The velocity, then, in feet per second is 

/ 2,600 d A .^ /Th , ^, ,. ^ . 

v = \y = = ^^\/ -T-; and the diameter is 

^ = tttt^ttl' This is the usual requirement in the case of 
JjOOO n 

a pipe to convey water from a reservoir to the place 

where it is to be used, for in such case the height and 

length are fixed, and the velocity must be limited so that 

at its maximum it may do no harm to the pipe by its 

violence, and so that branches derived from it may be 

duly filled, and so that a sufficient working pressure be 

given. 

When the pipe is several miles in length the rule is 

converted into a form expressing the head of water in feet 

per mile by dividing 5,280 by 2,500, in which I is 

2*11 1?2 
eliminated, and h = — -= — . If the velocity be made 3ft. 

19 
per second, h = -z-, and the pressure of water running 

with that velocity would be, at the distance of one naile 

from the reservoir, less than that due to the whole height 

19 
of the column by -j. 

It might seem that the pressure would be that due to 
the whole height less such a head as is reqtiired to produce 
the velocity considered as falling water merely, which 

would be — ; but although that is so in open streams, 

which are in train, it is not so in pipes under pressure. 
In this case, as in the other, there is a certain gradient 
line, which, if drawn straight between the head of water 
in the reservoir and the height due to the pressure at the 
end of the pipe, is the gradient which that pipe would 
necessarily take if it ran full, but only full, that is with- 
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out pressure on the highest part of its ciroumferenoe; and 
the pressure at any part of the length of a pipe is that 
due to the vertical height between the actual position: of 
the pipe and that gradient, which is the M hydraulic 
gradient." There being thus a gradient line in all conduit 
pipes, there must be a . length at which there would be 
no pressure, supposing the pipe to be prolonged so far 
from, the reservoir, and there the water would pimply run 
out of the end gf the pipe with the velocity due to the 
gradient. This length is found as follows ; 

Substituting H, the whole head, for A, the head which 
is due to the velocity i?, 

, 2,500 d[H 

For example, let d = 2ft., H = 100, t? =3, then 
I = 2>500 X 2 X 100 ^ 55 555ft^ rphud at the distance of 

10 miles or so there would be no pressure in a pipe 2ft. 
diameter and 100ft. below the reservoir, and it could not 
carry the water farther than 55,565ft. with a velocity of 
3ft. per second; beyond that distance the velocity would 
diminish, unless an actual gradient were immediately 
given to the pipe equal to the hydraulic gradient ; but 
that being done, the same velocity would continue to any 
distance, if the diameter remain the same ; the stream of 
water through the pipe would then be " in train," the 
forces acting upon it being balanced by the resistances, 
and it would flow under the same conditions as a river. 
But if pressure were required, there would need to be 
either a greater head, a shorter length, or a larger pipe. 
The conditions to be determined beforehand are (1) the 
quantity of water required, (2) the pressure required, (3) 
the height at which it is to be supplied above a fixed 
datum level ; and (4) the height of the reservoir above the 
same datum. 

In one of the examples previously referred to, the 
quantity of water for suj^ly was found to be 3,000,000 gal- 
lons a day, after leaving to the stream one-third of the total 
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available quantity. If the distanoe at whioh this quantity 

were required to be delivered were 6 miles, and the height 

of the storage reservoir above the service reservoir in which 

the water would be delivered were 150ft.» the following 

conditions would ensue. The quantity per secoud corre- 

,, , . 3,000,000 , ,, 

spending to 3,000,000 gallons a day is ^^^ qqq ?= 5;55 

cubic feet. If the velocity be limited to 2Jft. per second, the 
diameter would be d = \/ ^ - »7854 ~ ^ " ^^^*'» ^^ 

21in. The head would be * = ^2^)0x1-^ 8^"'' " ^^ ' ^^^^^ 
say 40ft. The eflfective head would be 150 - 40 = 110 f f ., 
and the pressure per square inch 144 = 47 'Tib. at 

the end of a 2lin. main 5 miles long. 

Upon a line of conduit pipe such as this there may be- 
taken off one or two branches. Say that one-sixth of the 
water is wanted at three miles distance from the reservoir, 
and another sixth at four miles, leaving 2,000,000 gallons 
per day to go to the far end. If the same velocity were 
preserved throughout, the square of the diameter of the 
pipe would be reduced one-sixth at the first branch, and 
one-third at the second. Thus the first length of three 
miles being 21in. diameter, the second length of one mile 
would be 19 'IS, or, say, 20in.; and the third length of 
one mile 17*14, or, say, 18in. Each branch takes off 
500,000 gallons a day, and, preserving the same velocity, 

/(21)2 
the diameter of each would be \/ ^^ = 8*51in., or, 

say, 9in. The effective head in the main conduit pipe at 

the point where the first branch is derived would be found 

by deducting the loss of head duo to its distance from the 

3x40 
reservoir, three miles, which would be — ^ — =24ft., fix)m 

the difference of altitudes of the reservoir and the branch 
above the datum. For the second branch the deduction 
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would Le rather greater per mile, the diameter being less, 
while the velocity is the same, for the head is inversely 
proportionate to the diameter, according to the formula 
ch d = v^l. Thus if the loss of head due to a velocity of 
2 Jft. per second in the 21in. pipe be 8ft. per mile, it would 

be in the 20in. pipe — go" =^*'*^*- P®^ ™^^®» ^^^ ^ *^^ 

21 X 8 
18in. pipe — r? — = 9*4ft, per mile. Adding together 

the losses of these three lengths — viz., for the first three 
miles, 24ft., for the fourth mile, 8Jft., and for the fifth 
mile, 9j^ft. the total loss at the end of the five miles would 
be 42ft., instead of 40ft., as it would be if the full 
diameter were continued to the end, and the quantity 
delivered were 3,000,000 gallons a day. 

Cast iron is the material for water-pipes, from 3in. to 
3ft. Gin. diameter. They have been cast as large as 44in. 
and 48in., but there are several reasons of convenience 
and economy which make it desirable to limit the diameter 
of cast pipes to about 40in. or 42in. If the quantity of 
water to be conveyed is such as to require a larger dia- 
meter, it would probably be found that either two cast 
pipes, or one pipe built up of rolled plates, would be pre- 
ferable. They are sometimes made smaller than 3in. ; 
but the expense of laying constitutes a considerable part 
of the whole expense of small pipes, and it is not much 
more for 3in. than for 2in. pipes. 

The metal of which pipes are cast is not so strong as 
that put into girders and some othey structures. The 
tensile strength of this metal is about eight tons per 
square inch ; but that put into pipes is probably not 
more than seven tons per square inch for many of the 
pipes of every set, and it is the strength of these upon 
which the success of the work depends. Whatever the 
quality and ultimate strength of the metal may be, the 
working strain should not exceed a determinate part of 
it, arrived at in two stages of the process of calculation. 

In the first place, every pipe is subjected to an actual 
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water pressure before it is laid. If the pressure be 
applied steadily to represent the effect of a head of water, 
it may be as much as one-half of that which the metal 
would bear before breaking ; but if, while under pressure 
in the proving press, the pipes be struck with a hammer 
to represent the jarring and blows to which they are sub- 
ject in the ground, the pressure applied should not be 
more than one-third of the ultimate strength of the 
metal. 

The proof strain of the pipes in the press should not, on 
the one hand, be so great as to injure the strength of the 
metal, which would probably happen if more than half 
the pressure due to the ultimate strength were applied ; 
T^ut, on the other hand, the actual strain produced in the 
metal should be sufficient to prove the soundness of the 
casting, and the quality of the workmanship. 

But between the time of proving and being laid in the 
ground the pipes are subject^ to a variety of accidents 
which tend to produce defects, some of which may be 
undiscoverable ; and, moreover, the arrest of the motion 
of the water passing through them produces a greater 
strain than that due merely to the height of the column 
of water. A complete stoppage of the motion could not 
be suddenly effected, but there is no doubt that the shut- 
ting of stop-cocks, in a system of piping, throws addi- 
tional pressure on some parts of it; and the working 
pressure, due to the head of water, should not be more 
than some determinate part of that applied in proving the 
pipes — say one-third of the pressure applied in the first- 
named manner, or one-half applied in the manner secondly 
named ; so that, in calculating the thickness of metal, the 
steady pressure due to the head of water should not ex- 
ceed one-sixth of the ultimate strength of the metal. If 
this be seven tons, or, perhaps, not more than 15,0001b. 
per square inch, the strain produced by the head of water 

should not exceed -^ — ^= 2,5001b. per inch. 

If H = the height of the column of water in feet, the 
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pressure per square inch on the internal surface of the 

/ . 62J H ^^^ „ 
pipeiB-j|j-= -484 H. 

This is a radial pressure acting on the whole circum- 
ference of the pipe equally all round, ei^cept that it is less 
<?n the top of the pipe than the bottom, by the pressure 
due to the diameter ; but this may be neglected, and its 
consideration may, in fact, be done away with, by measur- 
ing the height of the column of water from the bottom of 
the pipe. But, although the pressure is radial, and the 
circumference receives a nearly equal pressure per square 
inch qII round, the component part of the pressure which 
constitutes the force tending to tear the metal asunder, 
acts in a direction tangential to the circumference at any 
point, and at right angles to the radius ; and as all the 
radii are alike in a circular pipe, the force tending to 
burst the pipe is proportionate to the radius, and is mea- 
sured by it multiplied into the pressure due to the head 
of water. For calculation of the thickness of metal, it 
answers all purposes to take one inch of the length of the 
pipe. 

The whole outward pressure in pounds, tending to 
separate one-half of the ring from the opposite half, is 
•434 H multiplied into the diameter in inches, and this 
force is restrained by the two sides of the pipe. As it is 
only necessary to take into account one side, the strength 
may be calculated from the radius instead of the diameter. 
Let '434 H = p = the pressure of the water in pounds per 
square inch ; r = the internal radius of the pipe in inches ; 
t =the thickness of the metal, and a = the strain per square 
inch of the metal acted upon, to which it is subject under 
the pressure p and radius r, then the following quantities 

should be equal to each other, viz : — p r = «<, and t = ^^— ^ 

B 

But here is an anomaly ; for the part of the metal which 
the pressure acts upon with the force p r is infinitely thin. 
Beyond the face, the metal is strained less and less as the 
radius increases. 
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The following remarks depend upon the truth of the 
law that the extension of a material per unit of its length, 
strained by an elongating force, is proportional to the 
foree applied* The extension of cast iron, under all 
strains up to that which breaks it completely* is not 
exactly proportional to the force applied; but it is so 
within the limits of the smaller strains to which the 
metal is subject in water-pipes. 

The strength with which any portion of the metal re- 
strains the force which tends to tear it asunder, is measured 
by the extension of the metal per unit of its length with- 
in the limits of its proper elasticity, and both the force 
and that extension diminish as the radius increases. The 
metal at the back of the pipe can only assist the strength 
of that at the internal face, in proportion to the rate of 
extension which the force within the pipe produces in it ; 
and the rate of extension at any part of the thickness of 
the metal is inversely proportionate to its distance from 
the centre of the pipe. 

The magnitude of the bursting force is itself proportional 
to the internal radius, and is confined to it, and its pro- 
portional stress at any part of the thickness is inversely 
as the distance at which it acts ; and as the rate of ex- 
tension is also inversely as the same distance, therefore 
the metal, at any part of its thickness, restrains the burst- 
ing pressure with a force which is inversely proportionate 
to the square of the radius at that part. 

With an internal radius of 1, a thickness of 1, and a 
force of 1, the back of the pipe is strained with a force of 
J, and as the length of its circumference is twice that of 
the internal circumference, the extension due to a force 
of 1 would there be \ ; but as the force is only ^, the 
strain there is \ of J, or J ; that is, it is inversely as the 
square of the radius. 

In a lOin. pipe, lin. thick, the internal radius is 5in. 
and the external radius 6in., and with any given pressure 
of water the back of the pipe is strained less than the face 
in the ratio 5^ : 6^ = 25 : 36. 
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For the sake of showing the effects in an extreme case, 
we may take the metal to be still thicker. The dis- 
tance at which the force acts directly on the metal is 
limited to a radius of 5in. As the force does not act 
directly upon the metal beyond the face, but indirectly 
through the interposing metal, it is diminished as the 
radius increases. At Gin. radius the force is ^ths of 
whatever it is at 5in. ; at 8in. radius it is |ths, and so on ; 
and the effect of this diminishing force is further reduced 
in the same ratio by the distance at which it acts, so that 
at 6in. from the centre of the pipe there is a force of 
fths acting at a distance of 1 ^th; at 7in. a force of 
-^ths acting at a distance of 1 |ths, and so on. 

Whatever strain per square inch it may be thought 
proper to subject the metal to at the interior of the pipe, 
that at the back will be in the following proportion. Let 
the maximum strain be assumed to be 2,5001b. per square 
inch, then, 

At 5in. radius (face of the metal) ^'^^^ ^ ^ = 2.5001b. 



«:.. 2.500 X 5 , noc\v. 
„ 6in. „ „ „ „ — _ = 1,7361b. 

Tin 2'^^ X 5 _ , 2761b 

„ TJia. „ (middle of the thickness) -^|^?/ = 1 .0641b. 

„ 8m. „ „ „ „ ^'^^ = 9761b. 

M 9m. „ ,. „ „ ^^1^^ = 7721b. 

„ lOin. „ „ „ „ ^'^^ = 6251b. 

The mean strain (M) of the whole thickness is not 
2,500 + 625^ ^^^ jg ^^^ ^^^<^ ^g^ ^^ ^^^ ^^^ ^^ ^^^ ^^^j 

It 
multiplied into the square of the internal radius, and 
divided by the mean of the squares of the internal radius 
(r) and the external radius (R). 

Thus M = ^2^^i 
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In the case above stated it is 2 X 25 x 2,500 ^ j qqqji, 

100 4" 25 
per square inch. 

The force producing these strains is |>r = the pressure 
per square inch, multiplied into the internal radius of the 
pipe in inches. In order that the inner portion of the metal 
be not overstrained, it is necessary to extend the thick- 
ness far enough to comprehend a restraining force equal 
to that exerted on the inner portion of the metal, and its 
limit is found at a radius the square of which bears the 
same relation to the square of the internal radius as the 
force exerted at the face of the metal bears to that ex- 
erted at the back, and in very thick pipes the mean strain 
per square inch of the whole thickness differs widely from 
the arithmetical mean between the strains at the internal 
and external radii, because the strain at every part of the 
thickness is as the square, inversely, of its distance from 
the centre of the pipe, but at all distances which lie 
within the thickness of ordinary cast-iron pipes the mean 
strain would not differ much from the arithmetical mean 
between the inner and outer strains. 

In the diagram Fig. 19, A B represents the strain per 
square inch at the face of the metal, and C D, E F, &c., the 
strains at the several distances 
C, E, &o., from the centre of the 
pipe, the corresponding strains ^ 
being inversely as the squares of ck 
those distances, in pounds per a 
square inch, produced by the pig. 19. 

force p r. 

There are many short rules for the thickness of metal 
in cast-iron water-pipes, and they vary much in the 
results obtained from them. They may be compared with 
the principles above stated. Mr. Molesworth, in the well- 
known * Pocket-book of Engineering Formula,' gives the 
rule, 

t = -000125 p d + -37 for pipes less than 12in. diameter, 
or. 
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t =s the same + '50 for pipes from 12in. to dOin. dia- 
meter, 

t being the thickness of metal, p the pressure of water per 
square inch, and d the diameter in inches. To adopt a 
uniform notation, let the raditis (r) be taken instead of 
the diameter, then 

t = '00025 pr + -S? for pipes less than 12in. diameter, 
or, 

t = the same + '50 for pipes from 12in. to 30in. dia- 
meter. 

Mr. Neville, in * Hydraulic Tables, Co-efficients, and 
FonnulsBj* gives the rule for pipes cast vertically, 

t = '0016 nd + -32, 
and for ppes cast horizontally, 

t = -0024 nd + -33, 
in which n is the number of atmospheres of pressure, = 
the head of water in feet divided by 33. Adopting, like- 
wise, r instead of dy and converting n into pounds 
per' square in. (j?), the rule would be, for pipes cast 
vertically, . t 

t = -0002234 pr + -32, 
and for pipes cast horizontally, 

t = -000335 pr + -33. 

But Mr. Neville remarks that, in practically applying 
these formulae, the value of n should always have ten 
added to it. He mentions Fa formula adopted by M. 
Dupuis, the engineer of the Paris Waterworks, which is 
t = (-0016 n + -013) d + *32, 

Taking in this case also the radius instead of the dia- 
meter, and converting n into pound per square in. the rule 
would be t = (-0002234^ + -02^) r 4- -32. 

Professor Bankine, in his ' Manual of Civil Engineer- 
t H 
ingV. gives the r^il© t = Toaa7»» ^ which H is the head 

of water in feet. This would be equivalent to 

t = -000192 p d 
or, t - -0003842? r. 

But Dr. Bankine remarks that shocks from without 



t = 
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cause the thickness of cast-iron pipes to be often made 
considerably greater than that given by the above rule. 
The following empirical rule, he says, expresses very 
accurately the limit to the thinness of cast-iron pipes in 
ordinary practice — ^viz., that the thickness is never io be 
less than a mean proportional between the internal dia- 
meter and ^th in. 

Mr. Thomas Box, in 'Practical Hydraulics,' gives as 
an empirical rule, 

^, (2, and H being the same expressions as those before 
stated, and in the same terms. . 

It is to the investigation of Professor Peter Barlow 
that we are indebted for a solution of the difficulty of 
apportioning to cast-iron pipes a thickness properly pro- 
portionate to the strain upon them firom internal pressure. 

Barlow's rule is t =-=^- — , in which <,p, and r are the same 
c— p 

expressions as those used above, and c = the cohesive 
strength of the metal per square inch, which is assumed 
above to be 15,0001b. before it breaks, but only 2,600 ^s a 
maximum working strain on the inner portion of the inetkl, 
and it is only metal of good quality which it would be Safe 
to subject to even this degree of strain — in metal, that is 
to say, produced from " mine " or native ironstone ; with 
any considerable admixture of inferior metal the pipes 
would probably not bear straining nearly so much. 
Professor Barlow's investigation did not extend to the 
minutisB of foundry necessities, such as increase of thick- 
ness for unavoidable defects in casting, or the difficulty 
of making very thin castings ; but it established a true 
basis around which these practical requirements gather, 
and to which they are more or less wisely added. 

To compare these various rules, let each of four pipes — 
viz., lOin., 14in., 20in.,and 30in. diameter — ^be subject to the 
same pressure, viz., 1741b. per square inch (400ft. head). 
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DUmeter. 


lOin. 


Hin. 


SOin. 


SCin. 


pr 


8701b. 


1,3181b. 


],740lb. 


2,6101b. 


Barlow . . . • 


t 
•374 
•334 
•588 
•674 
•644 
•569 


t 
•520 
•468 
•804 
•815 
•774 
•673 


t 
•748 
•668 
•935 
1^02 
•969 
•805 


t 
112 
100 
1-15 
1-38 
1-29 
•986 


Rankine 


Mblesworth 


Neville 


DuDiiifl ..'•..... 


Box 





According to Professor Rankine's rule to lynit the thin- 
ness of pipes to a mean proportional between the internal 
diameter and ^in., that would make the least thickness 
<=V0208<2i arid for 

lOln. pipes would be ^456 

14in. „ „ '539 

20in. „ „ -645 

30in. „ „ '790 

The thicknesses above stated by Mr. Neville's rule are 
those of pipes cast vertically. The increased thickness 
required by his rule for pipes cast horizontally is due to 
remediable defects, and we must allow to all the other 
formulae that they demand strictly proper workmanship, 
and make no allowance for defects which are not abso- 
lutely unavoidable ; moreover, casting pipes vertically, of 
nearly all sizes, is becoming more and more the custom. 
It may be remarked upon Mr. Neville's rule that it is not 
necessary to add 10 to the value of n (although this is done 
in the above table) unless it be for very small pressures. 

For facility of application, and near agreement with 
actual practice. Box's rule is preferable to any of the 
others given above. 
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SECTION XIV. 

AQU>n)acTs. 

Of the form and construction of large conduits, or aque- 
ducts, there are no better examples than those proposed 
for bringing water to London from the Lake district 
by Mr. Hemans * and Mr. Hassard,*)* and from Wales by- 
Mr. Bateman. Neglecting altogether the merits of either 
of these projects as a water supply for London, in respect 
of the source whence it was to be derived, the form and 
construction of the aqueducts may be usefully examined 
in connection with the present subject, especi^y as these 
were nearly alike in both the cases named, and were sucli 
as almost any large conduits or aqueducts must probably 
have been in this country ; nor need the same form and 
construction be confined to particularly large conduits, 
for, in any one of considerable length, whether of large 
size or not, the same features would be met with. Unlike 
a railway, which may go up a hill or down a valley, and 
also a canal, which, with locks, may be made in a similar 
manner, a conduit for conveying water by gravitation 
must have its regular inclination, not necessarily the same 
in all parts of its length, but the falling gradient must be 
continuous. 

In each of these aqueducts there were six chief features, 
viz. : (1 ) tunnels, (2) open watercourses, (3) " cut and 
cover," that is, where the ground is cut open and the con- 
duit constructed and arched over, and the earth filled in 
over the top; (4) raised aqueducts over ground lying 

♦ The late George Willoughby Hemans, M.In8t.C.E. 
t Eiohard Hassard, Esq., M.Inst.C.E. 
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below the general gradient of the conduit; (5) the por- 
tions connecting the two forms of construction, 2 and 4, 
or 3 and 4 ; (6) pipes laid underground across valleys too 
wide and deep to be crossed at the gradient height, rising 
again on the other side to the proper level, and the con- 
duit being continued in one or^therof theways indicated 
by 1, 2, or 3. 

It was not the first time the engineers above-named had 
had to consider how best to convey a large quantity of 
water a long distance. Mr. Bateman had then recently 
made the works which supply tilasgow with water from 
Loch Katrine, and Mr. Hassard had laid down the plan 
for supplying Dublin from the river Vartry. The aque- 
duct to convey water to London from Ulleswater was to 
carry 250,000,000 gallons per day. The gradient was to 
have been 6in. per mile in some parts, and less than that 
in others, the principle laid down on the score of economy 
being that the greater fall, and therefore the smaller sec- 
tional area, should be given to the tunnels and aqueducts, 
which are the most expensive portions, and the lesser fall 
and larger dimensions to those parts which are of com- 
paratively cheap construction, viz., the open watercourses 
and those where the ground is cut open and filled in 
again, and where useful material would be got from the 
excavations. 

In most conduits of considerable length it will be 
advantageous to save head, so as to deliver the water at 
the far end at as high an elevation as possible, and the 
value of this may often be greater than additional expen- 
diture required for a larger conduit. The value of each 
can be strictly calculated. 

With 4in. fall per mile in the open aqueduct shown 
in Fig. 20 (see next page), which is reduced from the 
sections given in the Appendix F of the Eeport of the 
Metropolitan Water Supply Commission, 1869, the mean 
velocity was calculated at 109ft. per minute, and the 
quantity of water discharged at 28,340 cubic feet per 
minute, the width of the stream being 30ft. at the surface 
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and 20ft. at the bottom. Depth in the middle of the 
stream, 10ft. 6in. Side slopes i to 1. Bottom, at the 
centre, 6in. lower than at the sides. With a fall of 6in. 
per mile the surface width would be reduced to 26ft., and 





Fig. 20. 



Fig. 21. 





Fig. 22. 




Fig. 24. 



Fig. 23. 



Fig. 25. 




Fig. 26. 

the bottom width to 16ft., the depth being 10ft. Gin. at 
the middle. With these dimensions and fall the mean 
velocity was calculated at 128ft. per minute, and the 
discharge at 27,702 cubic feet per minute. These are the 
sections and form of construction in rock, which is for 
the most part the Silurian slate formation. 

In ordinary ground the form was to have been as shown 
in Fig. 21. With this form, and a fall of -^ft. per mile, 
the velocity, it was said, would be 119ft. per minute, and 
the discharge 28,760 cubic feet, the width at the surface 
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of the water being 28ft. and the depth 12ft. The curved 
bottom extends to about half the height, at which point 
the straight sides touch the circle tangentially. With 
a fall of Gin. per mile the dimensions would be reduced 
to a width of 26ft. at the surface, and a depth of lift. 6in. 
With these dimensions and fall the velocity would be 
131ft. per minute, and the discharge 28,361 cubic feet. 

In tiie covered aqueduct shown in Fig. 22, with a fall 
of 4in. per mile, the velocity would be 106ft. per minute 
and the discharge 28,514 cubic feet. The width at the 
bottom is 22ft. and at the springing of the arch, 7ft. above 
the bottom, it is 24ft. The depth of water is 12ft., or 
5ft. above the springing. Where the fall would be in- 
creased to 6in. per mile, the bottom and middle widths 
would be reduced to 18ft. and 20ft. respectively, the depth 
remaining 12ft. With these dimensions and fall the 
velocity was calculated at 127ft. per minute, and the 
discbarge at 28,675 cubic feet per minute. 

In the tunnels shown in Fig. 23, with a fall of 6in. per 
mile, the velocity would be l25ft. per minute, and the 
discharge 28,240 cubic feet, the width at the bottom being 
18ft, the middle width 20ft. at a height of 5ft. above the 
bottom, the arch semicircular, and the surface of the water 
7ft. 6in. above the springing, the depth of water being 
12ft. 6in. No puddle was proposed to be used in any part 
of this aqueduct, but the excavations were to be lined 
with concrete, about 18in. thick, faced with rubble stone 
where the ground is rock, and in ordinary ground the 
concrete would in some parts be faced with brick on edge, 
and in others rendered with Portland cement. 

With respect to the water-tightness of the aqueduct, 
Mr. Hassard said that in the construction of a great 
portion of the open aqueduct, it was probable that no 
lining would be required. This evidence is similar in 
eflTect to that of Mr. Bateman, who, having then recently 
made the aqueduct bringing water from Loch Katrine to 
Glasgow, said that the ground there consists chiefly of the 
mica-slate and clay-slate formations, and that very little 
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lining was required; it is almost imperviotis to water. 
There was no clay along that line, and no means of 
transporting materials, and, knowing the geological for- 
mations of the country, Mr. Bateman had adopted tunnels 
instead of looking for a line along the surface, which had 
been done by others without success when turning their 
attention to that source for the supply of the city. 

There are on this line of aqueduct as many as seventy 
different tunnels, of comparatively short length ; no long 
tunnel, except the first one, of 2326 yards, on leaving 
Loch Katrine. Tunnelling, he said, where short tunnels 
can be made, and where the materials can be brought to 
daylight at short intervals, is perhaps the cheapest and 
the best and the quickest way of getting through a 
country of that sort. After passing through the first 
tunnel, the water is conveyed for six or seven miles along 
the hillsides, not, in this case, in an open aqueduct, but in 
the manner called " cut and cover." Where the conduit 
passes through an agricultural country it may be open ; 
there is rather an advantage than otherwise in its being 
exposed; but near towns or through a thickly-wooded 
country, or on slopes of mountains liable to snow-drifts, 
the conduit should be covered. In any case the drainage 
of the hillsides must not be interfered with, and proper 
culverts must be provided for passing it either under or 
over the conduit. In connection with the question of 
lining an open watercourse is that of the velocity of the 
stream, and it was said that the proposed velocity of neither 
one nor the other of these aqueducts was such as would 
be inconsistent with a simple clay bottom ; it would not 
disturb a clay bottom, and would have no effect at all on 
a gravel bottom ; but, nevertheless, an aqueduct for the 
supply of water to a city should be lined throughout. 

Fig. 24, reduced from the sections given in the Appendix 
A Q of the report, shows the form of the open watercourses 
of Mr. Bateman's main aqueduct. The fall is 6in. per 
mile. The width at the surface of the water is 26ft. 4Jin., 
and the depth 10ft., the form being circular throughout. 
The sectional area of the stream is 193*4 sq. ft., and the 
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"wetted sides 35ft. in length. The hydraulic mean depth 

293-4 

(H-M.D.) therefore is, —-^ — = 5-526, and V5-526 x 1 

X — = 2-143ffc. mean velocity, per second. Then 

193-4 X 2-143 X 540,000 = 224,000,000 gallons per 
day carried. 

Fig. 25 shows the form of section of the covered water- 
courses and tunnels. The width is 16ft. 6in. at a height 
of 3ffc. 9in. from the bottom, with a semicircular arch. 
The depth of the invert is 1ft. 6in., and the depth of water 
10ft., the surface of the stream running within a height 
of 2ft. of the soffit of the arch at the crown. The fall is 
14in. per mile, the sectional area 146-25 sq^. ft., the 

wetted sides 34 •866ft. H.M.D. = 11!^ = 4.195, and 

34-866 

V4-195 X 2-333 X tt = 2 •844ft. per second mean 

velocity. Then 146-25 x 2-844 = 415-935 c. ft. per 
second, which gives 224,604,900 gallons per day. 

During the sitting of this Commission, which extended 
over thirty-six days, the examination of witnesses took 
somewhat the form of a discussion, between the members 
and the principal witnesses, on the question of the quan- 
tity of water necessary to bo supplied for the growing 
wants of London, and both Mr. Bateman and Messrs. 
Hemans and Hassard had to consider whether the aque- 
ducts would carry as much as 300,000,000 gallons per day. 
It was found that this could be done with but slight addi- 
tions to the capacity of the aqueducts already proposed. 
In the case of the Welsh project, an increase of 2ft. in the 
depth of water in the open watercourses, that is, from 
10ft. to 12ft., would accomplish it, and the width at the 
water surfece would then be 27ft. 9in., the fall remaining 
the same, viz., 6in. per mile. In the covered portions and 
the tunnels the section would be enlarged, as shown in the 
Appendix A E of the report, of which Fig. 26 is a reduction. 

This section is drawn in Fig. 26 on a larger scale than 
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the other figures, to show iis peculiarities, the chief one of 
which is the depth of the invert, which is 3ft. If the dis- 
position of the materials be examined, it will be seen that 
they are placed so as to make the form a very strong one, 
and at the same time it is one which] affords a great 
hydraulic mean depth. 

There remains a question whether, for an open aqueduct 
which must for a long time after its construction carry 
much less water than it is ultimately designed to carry, 
the circular form of section of the waterbed is as good as 
one with straight slopes and a nearly straight bottom. 
When the section of the stream at 'its greatest flow occu- 
pies nearly half the circular bed, the sides are pretty 
steep ; but in the mean time, and while the quantity of 
water being carried is much less, the sides of the stream 
are shallow. That is not so in the angular form. At the 
time these conduits were proposed, the quantity of water 
supplied to London was about 108 million gallons per day. 
The open watercourse of Mr. Bateman's main aqueduct is 
13ft. 6in. radius, and, as shown above, would run 10ft. 
deep when supplying 224 million gallons a day, but at the 
first, and for some time after its construction, the depth 
corresponding to this quantity would have been only 
6ft. 9in. in the centre of the stream. 

To carry the quantity supplied to London, taking 
it at 15,000 cubic feet per minute, the depth would be 
7ft Sin. Thus in about fifteen years the increase in 
depth would have been llin. . 

Li the open watercourse of Mr. Hassard's main aque- 
duct, with the same inclination — viz., 6in. per mile, the 
depth at the first for the same quantity of water would 
have been 6ft. 3in. in the middle and 6ft. 9in. at the sides. 
For 15,000 cubic feet per minute the depth would be 
7ft. 2in. in the middle and 6ft. Sin. at the sides. Thus 
either of these streams would have increased in depth 
about llin. between that time and this, but the angular 
form would from the first have had considerable depth at 
the sides. 
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SECTION XV. 

EiVERs AND Watercourses. 

The quantity of water flowing down a river channel 
may be calculated by the following rules : they range, 
in point of accuracy and attention to details, from the 
simplest and most general to the nicest refinements of 
correction for varying conditions of a flow of water ; but 
they all depend essentially upon the two conditions of 
hydraulic mean depth and inclination of the surface of 
the water, which together govern the velocity. The 
volume is the product of the cross sectional area of the 
stream and the mean velocity of the whole section, and 
while the former is a matter of simple measurement, the 
latter is more difficult to arrive at with any degree of 
accuracy ; and it is only after an investigation of the im- 
mense number of experiments which have been made, that 
the authorities in the science of hydraulics have been able 
to arrive at formulsB which represent the true velocity 
approximately. With certain precautions, the velocity 
may, in some cases, be actually measured, as well as the 
cross sectional area, and when that can be done the volume 
may be found more satisfactorily in that way. The cross 
sectional area of the stream may be measured by selecting 
a part of the river which is of tolerably uniform section 
for a considerable distance — say 200 yards — dividing the 
distance into equal lengths, and measuring the cross secti(m 
of each division by means of ropes — preferably of wire — 
Rtrung across the river, taking the depths at short intervals 
along the ropes, and where the difference of level of the 
surface of the water at the two ends of the length of river 
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experimented upon can be ascertained with accuracy, tlie 
mean velocity of the whole stream in ordinary cases and 
in tolerably uniform channels may be found by the formula 
deduced by Eytelwein, or that by Du Buat. The funda- 
mental conditions are that the velocity varies as the square 
root of the hydraulic mean depth, the fall being constant, 
or as the square root of the fall when the hydraulic mean 
depth is constant ; or, neither being constant, as the square 
root of the hydraulic mean depth and fall multiplied into 
each other ; and to bring this abstract rule into conformity 
with observed actual velocities a coefficient is applied, of 
such magnitude as to bring the abstract numbers into 
coincidence with the actual numbers observed. Eytelwein's 

rule for the mean velocity per second is r= rr: V ^/» 

where h = the hydraulic mean depth, and / = twice the 
fall per mile ; A, /, and r being all in feet or all in inches. 
Du Bust's rule is, for inches, 

. !2I(VlzJi}=_.3(v«i--i) 

V « - hyp. log. V « + 1 '6 
and for feet, 

V « - hyp. log. V « + 1*^ 
d being the hydraulic mean depth, and % the length in 
which the surface of the water falls one unit, as 2,640 
when the fall is 2ft. in a mile. The fractional deductions 

are made from the fundamental formula— v = c \/ -, in 

which c is the coefficient 807 or 88 • 51, in order to make 
it agree more nearly with the results of experiments under 
varying conditions, and are applicable in cases of moderate 
velocity of 2ft. or 3ft. per second. 

Other authorities make corrections for similar eflfects 
of increasing velocity. Thus, Mr. John Neville, in his 
** Co-efficients and Formulae," published by Messrs. Crosby 
Lockwood and ^ Son, gives, from experiments made by 
various persons, the increasing coefficient as follows, when 
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applied to the abstract rule Vr«, r being the mean radius 
or hydraulic mean depth, and « the sine of the angle of 
inclination, or the fall in any length divided by that 

length ; thus being ^tttt. when the fall is 2ft« in a mile. 

For a velocity of about 1ft. per second the coefficient is 
91*3; for about IJft. per second it increases to 95*5; 
for Ifft. per second, 98 • 6 ; for 2ft., 100 • 5 ; for 2^ ft., 100 • 6 ; 
for 2|ft., 103 ; for 3fft., 106-6 ; for 5ft., 109-3 ; for 6ft., 
Ill ; for 7*ft., 112-3; for UJft, 117-9; for 15*ft., 118-4; 
and for a velocity of about 21ft. per second, the coefficient 
is 120. As the velocity thus does not strictly follow the 
rule of AjrSy Mr. Neville has found a more exact formula, 
which is — 1? = 140 aJts — 11 >^r«, and this seems to 
agree nearly with observed velocities under all circum- 
stances. Mr. Neville has found that Du Buat's formula 
may be pretty safely relied on when applied to general 
practical purposes, and says that much of the valuable 
information presented by Prony and Eytelwein is but a 
modification of what Du Buat had previously given, and 
to whom we are primarily indebted for much that is 
attributed to the two former. 

None of these found any diflference in the velocity of a 
stream which could be attributed to the kind of surface 
over which it ran; but a later authority, Kntter, has 
introduced into his formula, as translated by Mr. Lewis 
D'A. Jackson, a term of correction according to the kind 
of surface, as brickwork, earth, gravel, &c. 

Kuttor's formula is, for English feet — 



1'811 , .^ ^ . -00281 
-^+41.6+ -g- 

V = 



^<--^-^)fr 



a/tS 



in which v = mean velocity in feet per second, r = mean 
radius or hydraulic mean depth in feet, S = sine of the 
hydraulic slope of the surface, N = coefficient of rough- 
ness and irregularity ; and the values given to N are for 
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brickwoit and ashlar in good order, r013 ; for chaDnels 
in earth in good average order, '020 ; and for rivers and 
brooks, from '020 to -035 ; but this formula is not so well 
adapted to rivers as the three preceding. 

It may be useful to compare the results of the first 
three rules. In a river of 100ft. mean width, 6ft. deep, 
and of such a contour of bed as to give 6ft. hydraulic 
mean depth, the fall of the surface of the water being 1ft. 
per mile, or 1 in 5,280, the mean velocity in feet per 
second by Du Bu&t's rule is, 

88-51 (V5- -03) .004/ /^ .m\ 2.fi7 

V2t>40-hyp.log.V2641>6"" ^^^ <^^^ " ^^^ = ^ ^^ 
and 2-67 X 600 = 1,602 cubic feet per second. 

By Eytelwein's rule it is, -r jjh x 2 = 2*87 and 

2-87 X 600 = 1,722 cubic feet per second. 
By Mr. Neville's rule it is. 



and 3-23 X 600 = 1,938 cubic feet per second. 

And if we take the coefficient for velocities about as 
much as this to be 103, as found by others, the mean 
velocity would be 

103 Afri = 103 V 5 X 2540 ^ ^'^'^^*=- P^^ second, 

or, nearly the same as by Mr. Neville's own rule; and 
it illustrates what is found to be a general tendency 
in all the hydraulic formulae derived from experiments 
necessarily made on a comparatively small scale — viz., that 
the action of large masses of water is sensibly greater 
than these formulse indicate, so that in applying them to 
rivers of large volume they rather understate the actual 
quantities, which, indeed, is no fault, but the contrary. 

The truth of Eytelwein's and Du Buat's formul» 
has been confirmed by Mr. Bateman, for rivers and open 
watercourses where the section is tolerably uniform. 
When he laid out the Manchester Waterworks he con- 
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structed the works in many parts with special reference 
to taking such observations as would determine a great 
many points which were then somewhat in donbt, and 
he tested npon the watercourses there the calculations 
of almost everybody. {Tide Evidence, Water Supply 
Commission, 1868.) 

But where the fall of the surface of a river is very 
small in any length that could be experimented upon, as 
it is in many cases, the inclination cannot be ascertained 
with sufficient accuracy to enable these formulae to be 
applied for finding the velocity, and in those cases the 
volume of water is best ascertained by actual measure- 
ments of the velocity with floats, and for that purpose no 
better proceeding can be taken than that adopted on_the 
river Thames. The length of the river experimented 
upon was divided into six measured distances, and the 
time was taken in which the floats traversed the six divi- 
sions at five or six different places in the width of the 
river. The mean velocity was not computed from the 
observed surface velocity, but was actually ascertained by 
floats so adjusted that whilst one all but dragged upon 
the bottom, and therefore travelled with the bottom velo- 
city, another floated at the surface, and the two floats 
being tied together, one acted upon the other, in quicken- 
ing and retarding their respective paces. Gntta-percha 
was used for the floats; it is very nearly of the same 
specific gravity as water, being 0*96 of water, and there- 
fore it floats. A gutta-percha ball will float almost 
wholly immersed, so that the wind can have no effect upon 
it. The balls were so adjusted that one was heavier than 
the other, and sank to the bottom, but did not touch it, 
and thus by finding the. mean velocity in all parts of the 
stream, the mean of the whole stream was found. 

To estimate the mean velocity roughly by one observa- 
tion, Prony's rule may be taken 

t, = ( 7-783 + Y \ y 

Vio-345 + vy 

in which V = the maximum surface velocity in feet per 
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second in the centre of the river, or in its axis, whether 

that be in the centre or not, and this gives for velocities 

similar to those in the above examples, the same results 

as in Mr. Neville's shorter rule x> = ' 835 V, which would 

4*73 
indicate a maximum surface velocity of -— — = 5* 66ft. 

per second, but for velocities about half these the mean is 
more nearly • 8 V. 

Keferring to the examples above worked out, it must 
be confessed that there is no very near agreement between 
2-67 as found by the first, and 3-23 by the last ; but this 
velocity is greater than necessarily occurs in rivers, and 
the best judgment would probably be shown in using 
ICytelwein's or Du Buat's formula in cases of ordinary 
flow, and Neville's or Prony's in floods. 

As to the velocity of water at the bottom of a river, or 
anywhere along its bed, it is very difficult to ascertain it 
by actual measurement, apart from that in other portions 
of the body, but from the experiments of Du Buat it is 
found to be, for mean velocities of about 3 ft. per second, 

« = (V V - 1)* 

When V = the mean surface velocity from side to side of 
the stream, which is always less than that in the centre 
or axis of the stream. In this case u and V are the velo- 
cities in inches per second. Mr. Beardmore adopted this 
iTile in his hydraulic tables for velocities of from 1 to 15ft. 
per second. 

Experiments which have of late been made upon the 
large American rivers show a different relation between 
the surface and bottom velocities. 

In a discussion at the Institution of Civil Engineers in 
1879, Mr. George Higgin said that in the experiments 
carried out under the direction of Mr. Bateman, Past- 
President of the Institution, on the great rivers of South 
America, certain new laws were discovered in the move- 
ment of large masses of water. One of these was that the 
surface velocity of water at a given inclination varied 
directly as the depth of the channel, and another was that 



126 RIVERS AND WATERCOURSES. 

the bottom velocity of water varied directly as the square 
of the depth. With a given volume of water passing 
at increasing rates of inclination, and, therefore with 
diminishing depth, it was calculated that at a depth of 
27ft., and with a surface velocity of 176ft. per minnte, the 
bottom velocity would be 69ft. per minute, at a depth of 
21ft. and with a surface velocity of 241ft. per minute, the 
bottom velocity would be 72ft., and at a depth of 18ft., 
and with a surface velocity of 290ft. per minute, the 
bottom velocity would be 75ft. ; thus while the surface 
velocity increased 65 per cent., the bottom velocity in- 
creased only 10 per cent. But the question arises whether 
the rules derived from the motion of masses of water so 
vast as those of the American rivers are more applicable 
to the English, Irish, Scotch, and Welsh rivers, than the 
old formulae are, confirmed as they have been by experi- 
ments on a scale of very considerable magnitude. 

Investigations by Professor Osborne Reynolds, F.R.S., 
and Professor W. C. Unwin, F.R.S., have thrown much 
light upon the motion of water in open channels and in 
pipes, explaining in a great measure the phenomena 
observed by the older hydraulicians. 
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SECTION XVI. 

Compensation to Mills. 

It is hardly possible to divert water from one district to 
another without injury to the interests of persons already 
haying rights in its use, and where mills driven by water 
power exist below the point of diversion it is incumbent 
on the party proposing to divert water for use elsewhere 
to compensate the millowners for its abstraction. Unless 
this be proposed to be done in a full and adequate 
measure, no interference with existing rights will be 
sanctioned by law. Millowners are very tenacious of 
their water rights, and sometimes have spent enormous 
sums of money in opposing waterworks schemes. They 
have often overrated t}ie value of water power to them- 
selves, not only in corn-mills, where water power is by 
prejudice presumed to be superior to steam power because 
of its steadiness, but in woollen and cotton mills, and 
even in fulling and in rolling mills, where the inequality 
of the work done during various parts of the day causes 
a waste of water on the wheels. 

To give a money compensation to millowners where 
the number is considerable, cannot come into question for 
a moment. Attention must therefore be directed to 
provide reservoirs to regxQate and economise the water, 
so that the quantity which previously passed the mills in 
floo^ and was U8ele43S, indeed injurious, may be stored 
and made use of. 

Where mills are o(^mpensated from the same ground 
that supplies the town, it is well to have separate re- 
servoirs for the two purposes, so that the turbid flood 
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waters are made to overleap the channel which conveys 
the dear water into the reservoir for the supply of the 
town, and the portion due to the mills to enter that 
from which they are to be supplied. This may be done 
by making the two flood weirs at the eame level, and 
proportioning the length of each to their respective 
quantities, or better by a separating or leaping weir 
of which this diagram is a sketch. 

The principle 

.....TI^::::::^^— _^^ ^^ which the 

_ "'^ ~ "II^J^>^X leaping-weir acts 

K^ ' ^ v^'^\ ^® ^ separate the 

fl .. \ maximum flow of 

; \ .. -; Z^^- water required 

V ^ ' j-v — -^ for the town, and 

to keep it at as 

high a level as 

i£AmQ miR possible, from the 

Fig. 27. greater volume 

of flood - water, 

which is not required to be kept at so high a level. The 

smaller flow is continuous, and, up to the maximum flow 

required, is comparatively clear, while the flood-waters 

come down intermittently with a rush. The position of the 

lip, which separates the clear water from the flood-water, 

may be fixed on the following principles. For any given 

4 
depth of water D in the diagram, Fig. 27, let A = - D, 

y 

and the parabolic curve a h c the line of flow of the 
particles which have the mean velocity of the whole 
sheet of water. Then, inasmuch as the height A governs 
this velocity, which would be, say, 7*5 VA if taken in 
feet per second, the width W, for any height H, would 
be = V4AH. If the water arrives at the edge of the 
weir with any pre-impressed velocity, the head necessary 
to give it the velocity must be added to that measured 

4 
as D. If d[ be this head, then A must be taken = - (D -f- £). 
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This would bo tho case whoro tho water runs over a wide- 
crested weir before arriving at the edge over which it 




w ^ 



Fig. 28. 

falls ; and as this velocity of approach increases, so will 
the width W increase, which would then be 



= ^/ 



4Xj(D + d)H, 



d being = — when i? = the velocity, in feet per second, 

of the water approaching the edge of the weir. 

Mills generally are so constructed as to be capable of 
using water at the rate of not more than one-third of 
the average yield of a district ; whether from design or 
from the long experience of the millwrights of the most 
economical extent to which water can be applied to mills 
without large reservoirs, is immaterial, the fact being 
so; and one-third of the available yield has generally 
been given to them in compensation, whereby they are 
abundantly benefited, for they get this third regularly 
day by day, whereas before they had it very irregularly. 

In 1868, as well as in some other years, this allowance 
has had to be stopped in some cases, in order to furnish a 
sufficient quantity for the more urgent necessities of 
the towns, but money compensation has had to be sub- 
stituted. A reservoir, therefore, constructed solely for 
the use of the mills, must have a capacity equal to one 

K 
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half that of the reservoir for the town, plus about 5,000,000 
cabio feet per 1000 acres of drainage ground, to com- 
pensate for its being deprived of the dry weather flow, 
which, as has been said, is received into the reservoir for 
the town. 

Where it is desirable to take the whole of the water of 
a district for the supply of the town, whether because of 
its superior elevation or its purity, and where the mills 
can be compensated &om a reservoir in a separate district, 
the area to be appropriated to the use of the mills should 
. be of such extent that two-thirds of the yield from it 
shall be equal to one-third of the area appropriated to 
the town, because, in addition to one-third of the yield 
from the latter which is due to the mills, one-third of the 
waters from whatever area may be appropriated to the 
mills in the other district is already enjoyed by them ; 
therefore two-thirds of its yield should be equal to one- 
third of the yield of the district appropriated to the town ; 
or, in other words, the area appropriated to the mills must 
be one-half as large as that appropriated to the town, the 
amount of rainfall being the same in both districts; and 
if the rainfalls be unequal, the compensation area must be 
more or less than one-half of that appropriated to the 
town accordingly as the rainfall may be less or more 
respectively in the one district than in the other. 

It may be observed that although a given volume of 
water falling through a given height produces a certain 
number of horses power on the basis already stated, viz., 
that 8*8 cubic feet of water per second falling 1ft. is 
equal to 1 horse power, — and that, likewise, the same 
quantity falling 10ft. is equal to 10 horse power — the 
stream of water exerts its power not for 8 hours a day 
only, as the horse does, but for the whole 24 hours, and 
is, therefore, in some cases, of the value of three times as 
many horses work as its nominal power represents, if the 
flow of water, while the mill is standing, be stored in a 
dam close at hand. This, no doubt, causes a certain 
amount of inconvenience to mills lower down the stream. 
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in respect of the quantity bo withheld, which may not come 
down until a late hour ia the day ; and on Bome streams 
regnlations are established whereby a tolerably equable 
flow is maintained during reasonable working hours ; and 
taking the circumstances of a large number of mills, and 
comparing the work done with the power which passes 
them, they appear to do an amount of work, with the 
assistance of the night water impounded in dams, which 
is equal to about one-third of the power of the available 
quantity of water. But with a storage reservoir to 
control the whole available quantity and deal it out day 
by day during say 12 or 14 hours each day, the velocity 
of the stream is increased, and the mills get the water at 
earlier hours all the way down. The benefit to be derived 
from the construction of a storage reservoir is in respect 
of two-thirds of the available quantity of water. Thus, 
with a storage reservoir, about three times the quantity 
of work may be done, but the benefit derived is in respect 
of twice the quantity only. 

The following is an instance in point. There are 
fifteen mills in a district above which there is a suitable 
site for a reservoir which commands a watershed area of 
1,000 acres or thereabouts. The average annual rainfall 
for 14 years has been 33 inches. The loss by evaporation 
and absorption has not been ascertained in this particular 
area, but comparing its position and general circumstances 
with other districts in which actual measurements have 
been made, it may be estimated with great probability at 
13in. We say we lose these 13in. by evaporation and 
absorption, but it means the whole loss from whatever cause. 
Of course a good deal must be evaporated, and another 
portion absorbed by vegetation — ^this however being 
mostly evaporated from the leaves — and by sinking into 
the ground, from which it does not again issue within the 
watershed area belonging to the reservoir ; but also it is 
very probable that over a large area the rainfall is not uni- 
form, and that parts of it will receive more rain than other 
parts, and if the rain gauge be situated in one of these 

K 2 
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wetter portions of the district, it will show a result 
greater than the true one. This is more especially likely 
to be the case where the rainfall is estimated not from a 
gauge planted within the district itself from which the 
water is to be derived, but from one at some distance 
from it. So that when it is said that so much is lost by 
evaporation, it is meant to say that the whole quantity 
due to the watershed area and the rainfall as shewn by 
the gauge does not come into the reservoir. The loss 
varies from 10 to 18 inches as determined by different 
gaugings, and a part of this great variation may perhaps 
be due to the situation of the rain-gauge with reference 
to the actual watershed area to which its register is 
applied. 

The question may arise, how it is known that either 
10, 13, or 18in. of lainfall are evaporated and absorbed? 
The result is arrived at by labour and patience in 
gauging the quantity of water actually flowing off the 
ground, by which it is found that the actual quantity 
falls short of the whole quantity due to the rainfall by 
certain quantities which vary between those limits, and 
comparing these various quantities with the character of 
the ground upon which the rain has fallen in each case, 
engineers exercise their judgment as to what allowance 
to make in any particular district. If 33in., as in this 
case, be the average annual rainfall, and 13in. the loss 
there would be 20in. available if all of it could be 
stored, but as that is not practicable, a deduction of about 
6 inches should be made for excessive floods, leaving a 
practically available depth of 15 in. A depth of 15in. 
over 1,000 acres would give the following quantity : — 
There are in 1,000 acres 43,560,000 square feet, which 
at 16in. deep would yield 54,450,000 cubic feet. If we 
take 312 working days in a year, and supply the mills 
with water for 12 hours a day, we should be able to give 

(54 450 000 \ 
312 y 12 ^) 14:»540 

cubic feet per hour, or 242 cubic feet per minute. But as 
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the mills are supposed to be capable of beneficially using 
one-third of this already, the benefit to be derived would 
be in respect of 1 60 cubic feet per minute only. Will it, 
then, pay to make this reservoir to give out this quantity 
for 12 hours a day all the year round, and year by year? 

Seeing what many other reservoirs have cost, and not 
going to either extreme, this one might cost £12,000, the 
bank being made as perfectly as possible, by raising it in 
thin layers with barrows and dobbin carts, the puddle 
being particularly well worked, the waste weir of good 
length, feo that on the occurrence of a rare flood, when 
the reservoir might be nearly full, the overflow could 
not attain to such a height as to endanger the bank 
by over-topping it, a bye channel being provided for the 
ordinary flow of the stream, and a substantial cottage 
built for the reservoir keeper. The falls at these 15 
mills vary from 10ft. to 30ft., the aggregate being 326ft. 
The wheels are all either overshot or breast wheels, of 
good construction, and in good working order. Then, 
although we estimated 13-2 cubic feet of water per 
second per foot of fall to be, perhaps, an average of 
all wheels to give an effective horse-power, we shall 
be warranted in taking 12 cubic feet per second in 
this case. This is the quantity that Sir Wm. Fair- 
bairn frequently gave as the proper quantity in such 
cases. The aggregate amount of power, therefore, to 
accrue to the mills from the construction of this reservoir 

will bef ..n y gA = ) 72 horse-power. In the district 

we are considering an effective horse-power is worth £12 
per annum, and if each mill contribute its quota according 
to the benefit it would receive (we will not now go into 
the more minute subdivision of benefits by considering 
that those mills nearest the reservoir would receive more 
benefit than those farther off) there will be an income of 
£864 a year. Deducting the wages of the reservoir 
keeper, and setting aside £40 a year to provide a fund for 
repairs, there would be a net income £720 a year. The 
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outlay being £12,000, the percentage return would be 6 
per annum. But ibis does not represent tbe whole gain 
to tbe mill. The gain is chiefly in having a constant 
stream of water, and an absence of floods. Nothing is 
more annoying to a miller than to see water pass him 
which he can make no use of, and which at the same time 
binders his work by backing up against the tail of his 
wheel. By storing the flood waters he can always 
reckon upon a certain power of doing work, and can enter 
into contracts with a certainty of being able to fulfil 
them. Herein lies the chief gain in constructing storage 
reservoirs. 
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SECTION xvn. 

Of Water Power in General. 

A CUBIC foot of water, or 6 J gallons, weighs 62^1b. The 
gallon weighs 10 lb. It is commonly taken from Watt's 
experiments that a horse of average power does work 
equivalent to that of raising 33,0001b. 1ft. high per 
minute, or 5501b. 1ft. high per second, if not worked 
more than 8 hours a day. This would be equivalent to 
raising 8* 8 cubic feet of water Ift. high per second, or 
528 cubic feet per minute. But that quantity of wat^r 
could not practically be raised to that height in that time 
by that power. To put everything into the simplest 
form, the horse might draw water out of a well by means 
of a barrel attached to a rope passing over a pulley at the 
head of the well, the horse walking away from it at the 
speed of 220ft. per minute, or at the rate of 2^ miles an 
hour, which is taken to be the best working pace during 
8 hours a day ; and the horse would raise at this speed a 
weight of 1501b. But the weight which would be thus 
drawn out of the well would include that of the barrel 
and the rope, and the hindrance caused by the friction of 
the pulley on its bearings. The friction of the pulley 
would be BO small that it might be neglected, but the 
weight of the barrel and the rope would probably be 20 
per cent, of the whole weight. The weight of the water 
raised would be 80 per cent, of the 1501b., or 1201b., 
which would be 12 gallons. But it would not be an 
economical way of applying the horse's power, that the 
load should thus be drawn up by a straight run away 
from the well, because the quantity of water is small. 
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and time would be wasted in emptying the barrel and 
replacing it so often. 

A more eoonomical arrangement would be to wind the 
rope round a horizontal drum at a little distance from the 
well, supported on a vertical shaft, and to attach to the 
shaft a beam or pole, the end of which the horse could 
draw in a continuous round, and if the circumference of 
the path be made 5 times the circumference of the drum 
the horse would move 5 times as much weight with one- 
fifth as much speed : that is, 7501b. at the speed of 
44ft. per minute. The weight of the barrel and rope 
in this case would not be more than about 15 per cent of 
the whole load, but the resistance of the drum to being 
turned would be about 5 per cent., so that the whole 
resistance would be the .same, viz., 760 -f- 6 = 1501b. 
at the speed with which the horse moves ; and 150 X 
220 = 33,000lb. per foot high per minute = 1 horse- 
power. The actual weight of water raised would be 80 
per cent, of the 7501b., or 6001b., which would be 60 
gallons each turn. If the well is large enough to allow 
two barrels to pass up and down, and the end of the horse 
beam be fitted with a swivel, so that at the end of the 
motion in one direction the horse can reverse the motion 
and draw up another full barrel while the empty one is 
being lowered, the 15 per cent, loss due to the weight of 
the barrel and rope would be most of it saved, but about 
as much would be lost in the time required by the horse 
to reverse the motion at the end of each draw, so that in 
either case it comes to about the same thing ; and in this 
way the horse can work 8 hours a day. If a horse has a 
single run out and returns unloaded, the time of working 
might be 10 hours a day, but the amount of work done 
in the day would be no more than in the other case. 

A horse-power then being 33,0001b. raised 1ft. high 
per minute, or its equivalent, 33,0001b. falling 1ft. per 
minute, or 5501b. falling 1ft. per second, the volume 
of water falling 1ft. is 550 4-62-5 =8*8 cubic feet per 
second, to produce 1 horse-power. There are few, if any. 
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meohanical means by which more than 80 per cent, of 
this power can be transmitted to the working point, or 
by which more than 7 cubic feet of water per second can 
be raised back again to the height of 1ft. by the fall of 
8 • 8 cubic feet through that height in that time. 

When a river or other stream of water flows in the 
condition called in train, the water can do no more work 
than it is doing; it gravitates, indeed, with the same 
power per foot of its fall as if it fell over a precipice ; but 
while it is flowing in train, the whole power with which 
it is endowed by the force of gravity is expended in over- 
coming the resistance of the bed to its transfer from place 
to place, with the rate of motion which it acquires by 
virtue of the inclination of its volume ; but if, at the end 
of this inclination it fall vertically, it is no longer in train, 
there being no longer the resistance of the bed, and the 
force of gravity accelerates its motion, acceleration before 
being prevented by the continued resistance of the bed, 
the motion of the water being thereby made uniform, or 
at least not accelerated. When the same water falls 
vertically it may be again put in train by interposing 
a resistance such as will prevent the acceleration of its 
velocity, and its power may be developed and used by 
transferring the accelerating force to a uniformly-moving 
body, the weight of the water and the height of its 
descent being the measure of its power. The resistance of 
the bed of the channel being suddenly removed, and that 
of the unloaded wheel or turbine substituted, the measure 
of useful effect of the water is the difference between these 
two resistances per foot of fall in each case. In the latter 
case a portion — the greater portion — of the power is 
liberated. Wheels and turbines, according to the perfec- 
tion of their construction, take more or less power to turn 
them before they are brought to the point of doing useful 
work, and this is so much taken from the power of the 
water, the remainder only being the useful effect of the 
motor. To compare the power of one force with another, 
the assumed power of a horse is established at 33,000 foot- 
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pounds per minute, however that may vary from the 
aotiial power of different horses. A horse-power is that 
resistance — ^viz., 1501b., which custom has established that 
a horse can overcome when moving along a level road at 
the speed of 220ft. per minute, during eight hours a day ; 
and 160x220=33,000 foot-pounds per minute, including 
all friction and resistance of the vehicle or machinery by 
which the load is moved. It is probably more than most 
horses can do ; but that is of little or no importance, the 
object being to establish a standard power by which one 
force may be compared with another ; and as to the dura- 
tion of eight hours a day, that is essential in the question 
of the power of a horse, but not of a horse-power. 
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SECTION XVIIL 

Water-wheels. 

As a cubic foot of water weighs 62 Jib., a quantity equal 
to 528 cubic feet per minute is equal to a horse-power per 
foot of fall of the water, when the motor intervening 
between the power and the work is acted upon bytho 
steady pressure of the water, as when it is delivered into 
buckets of such form as to lower it down gradually from 
the upper level to the lower one. In unloaded motors, 
driven by a steady pressure with the speed required when 
doing work, the quantities of water required to move 
them vary with their construction between Jth and f ths 
of the power of the water. The usual portion of the 
power of the water liberated by such a wheel is about 
two-thirds, the remainder being absorbed in moving the 
wheel itself, and the gearing through which it moves the 
machinery. 

When the stream of water is constant in volume, the 
construction of the motor can be adapted so as to derive 
from it 80 per cent, of its power, and transfer that portion 
to the work to be done — to the resistance to be overcome ; 
but when the volume of water varies much from time to 
time, the motor works at a disadvantage with the smaller 
quantities, for the strength and consequent weight of the 
motor, must be sufficient for the largest volume, and the 
power required to drive it when unloaded bears a larger 
proportion to the whole power than when the larger 
quantities of water are being used. When the construction 
of the wheel or other motor is such that it yields two-thirds 
of the power expended upon it, half as much more water 
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is required to produce an effective horse-power upon tlie 
work done — that is, 792 cubic feet per minute per foot of 
fall. It is not unusual to reckon that 12 cubic feet of 
water per second, or 720 cubic feet per minute, falling 
upon a well-constructed bucket-wheel, is equal to an 
effective horse-power per foot of fall. This is at the rate 
of 73 per cent, of the power expended. 

The buckets are best made of sheet-iron, where the 
water is not of such character as to caui^e an unusual 
amount of corrosion or deterioration, in the form, or some 
similar form, to that shown in Fig. 29 ; but they may be 
made of wood, which has, in some situations, an advantage 
over iron (Fig. 30). The width of the entrance B C in 





Fig. 23. 



Fig. 30. 



Fig. 29 is about a third of the depth of shrouding A C, 
which is about the same as the distance of the buckets 
apart, C C. This varies from 1ft. to Ijft., which deter- 
mines the number of buckets, according to the diameter 
of the wheel. 

The term " overshot " is usually applied to a wheel which 
receives the water near the top. Formerly the water was 
carried over the wheel and delivered upon it on the 
opposite side to that from which it approached, the wheel 
thus at the top revolving in the same direction as the 
stream of water, and at the bottom against it ; thus 
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the water overehot the wheel ; but the back-lash of the 
water in the stream below caused a serious hindrance 
to the motion of the wheel, and the form was there- 
fore changed to the pitch-back, in which the water is 
delivered upon the wheel on that side from which it 
approaches it, and consequently at the bottom revolves 
in the same direction as the stream passing under it. The 
old term, however, is still retained for wheels upon which 
the water is delivered near the top, to distinguish them 
from those which receive the water nearer the centre, 
called high breast, or low breast, according as they receive 
the water above or below the centre. 

High-breast and overshot wheels may be classed together 
as being wheels with buckets, and having about the same 
degree of efficiency, while those which receive the water 
below the centre have straight float-boards to which the 
action of the water is confined by a close-fltting breast of 
masonry. A high-breast wheel has the water laid on at a 
point not exceeding about 30° above the horizontal centre; 
above that it may be called overshot. A water-wheel may 
be likened to a clock-face ; it is an eleven o'clock wheel 
when the water is laid on at 30° from the vertical centre, 
half-past ten o'clock when laid on at 45°, and a ten o'clock 
wheel when laid on at 60° below the vertex. The farther 
from the vertical centre the bulk of the water acts upon 
the wheel the greater must be its effect, for it has then the 
greater leverage, and less dead-weight upon the bearings ; 
but then the size and weight of the wheel must be 
increased, so that the most economical point of application 
has to be sought between these two conditions, in each 
particular case in practice. 

In every case a small portion of the head of water is 
taken up in giving a sufficient velocity to the water 
entering the buckets to fill them to the required degree 
— generally about two-thirds full — and to prevent the 
buckets striking against the stream of water; there- 
fore, the entering water should have a velocity rather 
greater than that of the circumference of the wheel. 



142 WA TER- WHEELS. 

This varies from 3ft. to 6ft. per second; 3ft. or 3]^ft. 
is tlie best for effective power; Jbut sometimes the 
arrangement of the machinery makes it advisable to give 
to the circumference of the wheel a velocity as much as 
6ft. per second, or even a little more in some cases ; and 
up to 6ft. the increased velocity is not found in practice to 
much diminish the effective power ; but perhaps the best 
velocity on the whole is 4ft. or 4Jft. per second. The 
co-efficient of the velocity of the entering water would, in 
most cases, be properly taken at *94, in which case the 
head of water to produce a velocity of 6ft. per second 

62 
would be (54 y /'94^2 = * ^^ ^*'» ^^ ^^^'^ and allowing for the 

construction, the loss of head would be about 1ft. The effect 
of the separate quantities of water lying in the buckets 
round the wheel between the point of application and that 
of the discharge near the bottom is the same as the 
quantity contained in each bucket multiplied into the sum 
of the horizontal distances of all the buckets from the 
centre of the wheel. As the velocity of the circumference 
of the wheel is supposed to be uniform, all the buckets 
will be filled to the same degree, the sluice- 
opening and the head remaining the same ; 
therefore, the water may be supposed to 
form a continuous ring round that part of 
the circumference of the wheel upon which 
the water acts, as between A and B in 
Fig. 31; A being the point of application, 
and B the point of discharge ; and the 
effect of the weight of water in all the 
buckets is the same as that of a continuous 
ring of the same weight multiplied into 
the distance C of the centre of gravity of 
Fig. 31. the ring from the centre of the wheel, 

* which is, according to the rule made and 

provided in such case, that the distance of the centre 
of gravity of a circular arc from its centre is a fourth 
proportional to the length of the arc, the radius, and the 
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chord of the arc. If, for instance, the water be laid 
on at "11 o'clock," or at 30° from the vertex, and be 
retained in the buckets until it arrives within 30° of 
the vertical through the axis of the wheel, the arc will 
be 120°, or two-thirda of the semi-circumference of the 
wheel. If R be the radius, the length of the arc will be 

2-Al^^l^ = 2.0944 K. 

The chord is 2 cosin 30° = 2 x -866 R = 1-732 R; 
and according to the rule the distance of the centre of 
gravity of the ring of water from the centre of the wheel 
is 2-0944 R : R : : 1-732 R: the distance required 

1-732 W 
= 2.Q944R " ' 82 R. If the radius be 15ft. to the centre 

of gravity of the water in the buckets, the whole weight 

of water would act at a distance of 15 X • 82 = 12 - 3ft. If 

the buckets be of such dimensions, and be filled to such 

degree that the quantity of water poured into them would 

form a continuous ring 6in. deep, the radius 15ft. passing 

through the centre of it ; then the length of the ring of 

water would be 2-0944 X 15 = 31 •41ft., and the quantity 

of water would be 31 -41 X • 5 = 15 • 70 cubit feet per foot 

in width of the wheel, acting at the distance 12 • 30ft. from 

the centre. This is, in effect, the same as a vertical column 

of the height A B, and of the same sectional area as the 

ring, acting at the distance 15ft. The height of the 

column is 1-732 R = 1-732 X 15 = 25-98, or say, 26ft. 

Let the quantity of water to be expended be 20 cubic 

feet per second, or 1,200 cubic feet per minute. If the 

velocity of the wheel at the centre of gravity of the 

water in the buckets be 5ft. per second, the quantity 

would be 2J cubic feet per second per foot in width of 

the wheel. The width, therefore, would require to be 

20 
oTg = 8ft. Such a wheel might be made to give at the 

working point from 75. per cent, to 80 per cent, of the 
power of the water. Thio power is ^^g = ^^ horse 
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power, and tlie effective power would be, probably, 45 
horse power, and the wheel would allow of the power 
being increased to 60 horse power at times when one- 
third more water than usual might be at command ; that 
is, when it would be sufficient to fill the buckets to the 
degree which would be equal to a continuous ring Sin. 
deep, 8ft. wide, and having a clear vertical fall of 26ft. 



Undershot Wheetjs. 

The undershot wheel is an improved form of current 
wheel ; both depend for their efficiency on the impulse of 
water, as distinguished from its gravity. But instead 
of being placed in an open current, the wheel is fixed in a 
close channel, or race, of masonry, very little wider than 




PLAN 

Fig. 32. 



the wheel itself, and the water is penned up by a sluice- 
gate, moving in grooves in the side walls, issuing beneath 
it when raised by means of a rack and pinion. Fig. 32 
represents such a wheel. Because the efficiency of this 
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form of wheel depends upon the velocity which can be 
induced in the jet of water, the approach to the opening 
through which it issues is differently formed from other 
openings through which merely quantity of water is 
required ; the side walls being made to converge towards 
the opening, and the sluice-gate being placed in a sloping 
position ; at least, this should be the form. Sometimes 
the sluice-gate is placed vertically; but the effect of 
placing it in a sloping direction is to increase the velocity 
ef the water issuing from under it, as compared with that 
through an abrupt opening, and as the effect of water 
acting on an undershot wheel is in respect of its velocity 
— and actually as the square of its velocity — any increase 
of that element which can be obtained by arraugement of 
sluices is to be desired. Water issues from openings into 
the air with the velocity due to heavy bodies falling from 
a height equal to the head of water, or the vertical height 
from the centre of the opening to the surface of the pent- 
up water (with however some abatement, to be hereafter . 
referred to), and when the opening is so formed as not to 
impede the flow of water, the quantity issuing is nearly 
that due to the area of the opening multiplied into this 
velocity. 

Many openings from which water is made to issue 
are so abruptly formed that the actual quantity is much 
less than the quantity so found, because, although the 
water attains the velocity due to its head in the axis 
of the vein, or jet, at some short distance outside the 
opening — that is, at the point of contraction of the vein — 
yet it does not do so equally throughout its cross-section, 
the friction against the sides of the opening retarding the 
flow of the outer portions. When water flows out of an 
opening into the atmosphere it approaches it from all 
sides, as shown in Fig. 33, and, in issuing, its viscidity 
causes its particles to shoot across towards and meet in 
the section of contraction (A A in the figure). The cross- 
sectional area of this part of the jet cannot be measured 
in practical works, but on a smaller scale it has been 
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measured and compared with tlie area of the opening. 
Experiments made on the flow of water through holes in 
thin plates — ^and, therefore, under circumstances where 









-' -' -''?fl 


^^ • y /I 

///I 


/ / / ' 


/ / / / 


/ / / 


/ 1 1 


/ / ^ 




rig. S3. 

the water issues abruptly — show the sectional area of the 
vena contracta to vary from about one-half to about 'two- 
thirds of the area of the orifice from which the water 
issues. 

In constructing the sluices of undershot water-wheels 
they should therefore be made so that the water may have 
an easy approach to the opening through which it is to 
issue, for then the retarding influence of the edges of an 
abrupt opening being reduced, the mean velocity of all 
the filaments of water passing through an opening will be 
much increased, if the opening be placed in such a 
position as to occupy the place of the contracted vein. 

This- question of increased velocity must always be 
taken in conjunction with the area of the opening, for it 
is not an absolute increase, but a relative one — ^relative, 
that is, to the area of the actual opening. If an abrupt 
opening be plewed at a distance in front of the point 
where the issuing jet is to take effect, equal to the length 
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of the contracted vein, the velocity at the point of con- 
traction would be the same as through an opening with 
converging sides; practically the same, although there 
are minor influences which affect it slightly. It is on 
these considerations also that the mouth of a pipe into 
which water enters from a reservoir is made bell-mouthed, 
or trumpet shaped, so that immediately after entry the 
pipe may run full bore. 

The damage done by floods in Italy some years ago 
might lead one to suppose that in that and neighbouring 
countries hydraulic laws are not understood. Sir John 
Eennie, in a letter to the Times^ showed how floods might 
there be prevented, or at least how damage from them 
might be obviated ; and yet it is chiefly from continental 
experimentalists that English engineers have received 
their elementary knowledge of hydraulics. 

On that part of the subject now under notice — the 
phenomena of spouting fluids — the following are the 
original authorities, and the results of their experiments. 
Du Buat {Princijpes d' Hydraulique) gives the relation 
between the diameter of the jet at the point of contrac- 
tion and that of the orifice as 6 to 9, from which are 
deduced the relative areas 4 to 9; the Abbe Bossut 
(Hydrodynamique) as 41 to 50, or in area as 16*8 to 25 ; 
Daniel Bernoulli (Hydrodynamique) as 5 to 7, or in area as 
25 to 49 ; J. B. Venturi (of Modena) as 4 to 5, or in area 
as sixteen to 25 ; Michelotti (of Turin) as 4 to 5, or in 
^rea as 16 to 25; MM. Poncelet and Lebros, French 
engineers, from a number of experiments on a larger 
scale, found the relative areas to be as '62 to 1, or nearly 
as 5 to 8. It will be found useful to compare these latter 
relative areas with the co-efficients of actual discharge to 
be presently mentioned. 

The first practical step to be taken in constructing any 
work in which water is to be used for power must be to 
ascertain what quantity of it will issue from any opening 
of given dimensions under a given head of water, and, 
therefore, it is worth while to go to the root of the matter 
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before proceediog to particulars of construction. Although 
the experiments made on the form which water assumes 
when issuing from an opening, and to which we have 
before referred, have necessarily been made on a smaller 
scale than that of general practice, yet they are very 
useful guides to the comprehension of the reasoning on 
larger affairs, and help to account for anomalies between 
that which we find to be the result by experiment, and 
that which we should expect on theoretical grounds alone. 
But it is always so in constructive works; the best and 
only true results are to be arrived at by comparing 
theoretical knowledge with experimental knowledge, and 
ultimately uniting them in practice. 

Experiments on the actual quantities of water issuing 
from openings of known areas and forms show that those 
quantities are in all cases less than those which are due 
to the areas of the openings multiplied into the velocities 
due to the several heads of water, calculated upon the 
known effects of the power of gravity, which give in any 
particular case the quantity or the velocity which is called 
the theoretical quantity or the theoretical velocity. But 
taking the velocity so found in feet per second — ^viz., 
eight times the square root of the head of water in feet, 
as a standard, co-efficients of diminution have been found 
for various forms of opening, which show the ratio between 
the theoretical velocity and that which may be called the 
mean velocity of all the filaments of water issuing through 
any actual opening. The more abrupt the outlet the less 
is the co-efficient of actual velocity, or, as some say, the co- 
efficient of contraction. Whether one or the other of these 
expressions is the more proper depends upon the form of 
the opening, the area of which is measured and multiplied 
into the co-efficient to find the actual discharge. With 
abrupt openings the diminution may more properly be 
attributed to the contraction of the vein outside the 
opening, and with openings which have converging side 
walls the diminution should be attributed to the reduction 
of velocity caused by the friction of the particles of water 
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amongst themselves and against the side walls. Gene- 
rally, the velocity is found by measuring the actual 
quantity of water discharged in a given time, and 
dividing it by the area of the opening through which 
it issues. In making these experiments the water is dis- 
charged into a tank of known capacity, and the time of 
filling is accurately noted. From experiments conducted 
in this manner co-effioients are found which niake theo- 
retical deductions accord with observations of facts. 

There is another method of ascertaining the velocity 
by actual measurement. It is known that a heavy body 
issuing into the atmosphere with an initial velocity at 
some height above the ground describes in its descent a 
parabolic curve nearly, and would do so exactly if the air 
were removed. If an experimental vessel with a hole in 
its side near the bottom be set up at some height above 
the ground, and if a vertical line be let fall from the 
mouth of the orifice to a horizontal plane at any depth 
below it, and if horizontal lines be measured out from 
the vertical line to the jet at several points, then these 
ordinates, measured at the points of corresponding abscissae, 
show the jet to describe a parabolic curve nearly. If A be 
put for the head of water above the centre of the orifice, 
which is due according to the theory of falling bodies to 
the initial velocity of the issuing jet, and if a? = the 
length of any abscissa and y its corresponding ordinate, 
then y^ = ihx. By measurements in this way Bossut 
fotmd at three different heights the value of ^ to be nearly 
that of the actual head of water. Galling the actual 
head H, the heads calculated from the range of jet at 
these several heights were as follow : — 

WhenH= 7-511ft.,;i= 7-404ft. 
„ H = 12-890ft., h = 12-564ft. 
„ H = 23- 583ft., ^ = 22 •720ft. 

The differences are due partly to the resistance of the 
air at high velocities, and partly to the viscidity of the 
water and consequent friction of its particles. 
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If we state the theoretical discharge or the theoretical 
velocity as = 1, the limits between which actual dis- 
charges and actual velocities vary are • 625 and 1 of those 
determined by the theory of falling bodies. By no form 
of construction can the actual discharge or the actual 
velocity reach the theoretical discharge or the theoretical 
velocity, because the theory assumes the falling body to 
fall in vacuo, and although the very great difference 
between the density of the atmosphere and any heavy 
. body falling in it, or issuing into it, reduces its retarding 
influence to a very small opposing force, yet it has a 
degree of density, and its opposing force is inversely pro- 
portionate to the diflference of density between itself and 
the body issuing into it. The quantity of water, therefore, 
or its velocity, issuing from any opening of whatever 
form, can never quite reach that found by theoretical 
calculation. 

Dr. Downing, Professor of Civil Engineering in the 

University of Dub- 
lin, in his 'Prac- 
tical Hydraulics,' 
gives a table of ex- 
periments — appa- 
rently those made 
by Gastel and 
D'Aubuisson — to 
determine the co- 
efficient of dis- 
charge and that of 
velocity through 
short-truncated 
tubes, the sides of 
which converge at 
various angles. The length of the experimental tube 
was 2J times the diameter at the outer end. See Fig. 34. 
The angle that gave the maximum discharge was 
between 13° and 14°, the ratio between the actual and 
the theoretical discharge being then as '95 to 1, but it 
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does not vary much on either side of this ratio within 
a range of about 6° ; thus at 8° it is • 93, and the same at 
18°, so that for quickness of discharge the angle may vary 
from 8° to 18°, with a mean co-eflBcient of • 94 or there- 
abouts ; but as the angle increases beyond a]bout 18° the 
co-eflficient of discharge diminishes more rapidly, until at 
48° it is but • 84, and if continued to the extremest angle 
of 180° would be about '5. The co-efBcient of velocity ^ 
however, continues to increase with the angle, even 
beyond the angle of maximum discharge, where it is '96, 
to 48°, where these experiments show it to be '98. These 
experiments were made on the small scale, but three ex- 
periments made at a mill on the canal of Languedoc show 
similar results, as to discharge, through a truncated pyra- 
midal tube of considerable dimensions. The length was 
9 '69ft., dimensions at larger end 3' 2ft. by 2 •4ft, at the 
smaller end • 623ft. by •443ft. The opposite faces made 
angles of 11° 38' and 16° 18'. The head of water was 
9 • 69ft. The co-efl5cients of discharge deduced from these 
three experiments on the large scale were '987, '976, and 
•979 respectively, or very nearly the full theoretical 
quantity. 

Eytelwein (*Handbuch der Mechanik und der Hy- 
draulik *), translated by Dr. Thomas Young, and quoted 
in Tredgold's * Tracts on Hydraulics,' gives the constant 
multiplier 7 • 8 for an orifice of the form of the contracted 
stream, that is when the internal edges of an orifice in a 
thick plank or a short tube are rounded off to that form, 
from which we deduce the co-efficient •97. When the 
internal edges are not rounded the co-efficient is • 92. 

The late Mr. Beardmore, in his * Tables to Facilitate 
Hydraulic and other Calculations,' gives the constant 
7*6 to be multiplied into the square root of the head 
of water, for the mean velocity in feet per second for 
openings such as these. The theoretical value is 8*03^^ 
so that the co-efficient in this case would be • 934. 

From the results of his own practice, which was con- 
siderable in this respect, Mr. Beardmore considered that 
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the constant 7 • 5 was to be preferred for openings con- 
structed as nearly as may be of the form of the issuing jet. 

Adopting this constant, we may apply it to an example. 
If an undershot wheel be applied to utilise a fall of water 
of 4ft. — ^that is 4ft. head from the surface down to the 
centre of the opening of the sluice ; and if the width of 
the sluice be 6ft., and the vertical height to which it is 
found necessary to raise the sluice-gate, in order to do 
the work required, be 6 in. ; the area of the opening would 
be 3 sq. ft., which call A ; let A =: the head of water in 
feet, then the mean -velocity of all the filaments of water 
through that opening, supposing the side walls to be 
splayed, and the head of the sluice-gate sloped up-stream, 
would be 7'5V^> and the quantity of water discharged 
would be 7'5VA X A = 7-5 X 2 X 3 = 45 cubic feet 
per second. 

As to the best diameter of an undershot wheel and its 
speed, Sir W. Fairbaim states, in his * Treatise on Mill 
Work,' that assuming 2*4 V^ ^o be the velocity of the 
extremity of the float-boards to give a maximum effect, 
and let N = the number of revolutions per minute, then 
the diameter, expressed in terms of the velocity and 

height of faU, wiU be 19-1 x ^'^^ = ^^^^ nearly. 

For instance, if the fall be 4ft., and the number of revo- 

lutions 8 per minute, then the diameter = _ x V'^ = 
llift. nearly. ^ 

The number 19*1 appears to be arrived at thus : N, the 
number of revolutions, is taken in respect of a minute, 
while the velocity 2*4 V^ is taken at per second. The 
number of seconds in a minute (60) divided by 3*1416, 
the ratio of the circumference of a circle to its diameter, 
= 19-1. 

Other authorities give the best speed of an undershot 
wheel as half that of the water; others again as -57 of 
that the water. Now there is an apparent discrepancy 
here, and it probably arises from the different values 
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given to the co-efficient of velocity of the issuing jet. 
According to the form of the opening, that velocity varies 
from 5 Ajh to 7 • 5 V^> being least with abrupt openings 
and greatest with openings of the form of the vena 
coniracta^ or with trained walls and sluices. If the co- 
efficient 6 be adopted, and the proper speed of the wheel 
be taken at half the velocity of the water, then the speed 
of the wheel would be 2*5 V^* agreeing nearly with 
Sir W. Fairbaim's statement above given; but with 
openings of the form to which it would be proper to 
apply the co-efficient 7*5, the speed of the wheel (sup- 
posing it be likewise half that of the water) would be 
3*75 fjh. On the whole, it will probably be near the 
truth for ordinary cases to make the speed of the wheel 
in feet per second from 3 V^, to 3*5 V^i accordingly as 
the form of the opening varies either way from a form 
which would be a mean between an abrupt opening and 
one of the best form ; the co-efficient, or rather constant 
multiplier, being taken at from 6 to 7 for the velocity 
of the water, and the speed of the wheel at half that 
velocity. 

The ratio of the useful effect, or work done, to the 
power expended on an undershot wheel is usually 
reckoned as but little more than 1 : 3. Thus, if the head 
of water be 4ft., the width of the opening 8ft., and its 
vertical height 6in., the area would be 4 sq. ft. The 
velocity of the water through the opening (supposing 
there to be converging side walls and sloping gate) would 
be I'b ^h - 7'5 X 2 = 15ft. per second, and the area 
being 4 sq. ft. there would be 60 cubic feet of water 
expended per second, or 3,600 cubic feet per minute, 
falling 4ft., which is the same power as (3,600 X 4 = ) 
14,400 cubic feet falling 1ft. in a minute. But as the 
ratio of the useful effect and the power is as 1 : 3 the 

effective force of this expenditure of water is ( — '— — = ) 

4,800 cubic feet raised 1ft. high per minute. A horse- 
power being 33,0001b., raised 1ft. high per minute is also 
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for a wheel 15ft. diameter the number of floats = 



equal to ( ' = j 528 cubic feet of water raised 1ft. 

high per minute. Therefore the eflFective power of an 
undershot wheel apj)lied to utilise this quantity of water 

with this fall would be * = 9 horse-power. 

Sir William Fairbaim states that the usual range of 
diameters for undershot wheels is from 12ft. to 25ft., and 
that from 12ft. to 16ft. is considered to be most eflfective. 
In his own practice he found from 14:ft. to 18ft. diameter 
to give the best duty. The float-boards, instead of being 
set in a radial direction on the wheel, are sometimes set 
in an inclined direction, but this does not seem to in- 
crease the useful effect. The number of floats is usually 

— -I- 12, d being the diameter of the wheel in feet. Thus, 

4x 15 

3 

+ 12 = 32. The thickness of the vein of fluid may be 
from 6in. to 9in., and the depth of the float-boards from 
18in. to 24in. 

The greatest 
improvement on 
the undershot 
wheel has been 
made by M. Pon- 
celet. His form 
of wheel is shown 
in Fig. 35. It 
has curved floats 
of sheet iron ; in- 
deed, the whole 
framework is of 
iron, and very 
light. It is well 
suited for low falls and large quantities of water, and can 
be driven at a greater speed than a low-breast wheel, 
with which its performance is to be compared. Its useful 
eflFect is from 50 to 60 per cent, of the power of the water 




Fig. 85. 
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expended, and its speed from half to three-fifths of the 
velocity of the water. M. de Bergue exhibited at the 
Institution of Civil Engineers a drawing of one of these 
wheels erected hy him 16ft. Sin. diameter and very wide, 
the fall of water being 6ft. 6in. The following is a 
method of describing the curve of the floats of M. Pon- 
celet's wheel. Let ah c^ Fig. 36, be a horizontal line, 
and h d the perpendicular to it. Let hr \>q the radius of 
the wheel, the divergence from the vertical being from 




Fig. 3C. 

24° to 28°. Take he — from one-third to a quarter of the 
fall of water, and draw the inner circumference //, and 
the outer circumference g g. Take onhd^hi = one-sixth 
of h A, and from the centre t, with radius % h^ describe the 
curve of the float. The number of floats is greater in 
this than in ordinary undershot wheels, and therefore the 
motion is more equable and continuous. Let d = the 
diameter of the wheel in feet, then for wheels from 10ft. 

to 20ft. diameter, the number of floats = -— +16; 

5 
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thus for a wheel 15ft. diameter, the number of floats 

= 1^+16.40. 
o 

Breast Wheels. 

The essential difference in the actions of water on under- 
shot wheels, and on overshot and breast wheels, is that in 
the undershot form the wheel is driven by the impulse of 
the water on the float-boards, and in the other two forms 
it is turned by the weight of the water. For equal quan- 
tities of water expended the action by weight is about 
twice as effective as by impulse. An ordinary "under- 
shot " will raise back again to the height from which it 
falls about one-third of the quantity of water expended ; 
Poncelet's wheel fully one-half; while an ordinary " over- 
shot " will raise three-fifths ; an overshot wheel of good 
construction will raise from two-thirds to seven-tenths ; 
and a high-breast wheel of the best construction will 
raise three-fourths of the quantity of water expended, 
back again to the height from which it falls. A high- 
breast wheel is formed with buckets, similar to those of 
an overshot, which retain the water poured into them 
above the axis of the wheel, acting upon it by the force of 
gravity. In a low-breast wheel the water is applied 
below the level of the axis, and is made also to act by its 
weight by making the wheel to move in a close-fitting 
race of masonry, which holds up the water to the breast 
of the wheel. 

In order that the water may act upon the wheel by 
weight through the greatest fall it is made to run over 
the top of the gate in the form of a weir, the gate being 
lowered sufficiently to allow the proper quantity to flow 
over it, and raised to shut off the water ; called the sliding 
hatch. To ascertain the velocity and quantity of water 
flowing over such a sluice-gate in a given time, reference 
must be made to experiments on the flow of water over 
weirs. The flow over weirs follows the same general law 
as that which governs the flow through openings below 
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the surface ; tliat is to say, the velocity is proportional to 
the square root of the head of water, or the depth in the 
case of weirs. The theoretical velocity in both complete 
orifices and weirs is 8*03 fj^h being the height in feet 
from which the water falls, or the head of water (reduced 
from the theorem of Torricelli, » = jjlgli^va. which v = 
the velocity in feet per second, and g = the force of 
gravitj', or the velocity acquired by a heavy body at the 
end of the first second of its time of falling, = 32 •2ft. 
per second ; but the practical velocity is^less ; under the 
most favourable circumstances it is 7 • 8 tjh^ but in general 
the value of the co-eflBcient may be taken to be 7 • 5. 

The quantity discharged is diminished in practice in 
both kinds of openings by the same influences ; viz., by 
the contraction of the stream caused by projections into 
it, which diminish its sectional area, and of the friction on 
the border of the stream, which diminishes the mean 
velocity. 

The speed of the wheel should be somewhat less than 
the velocity of the water in order that the float-boards 
may not strike against it and retard the motion of the 
wheel. As to the depth or head of water, it is to be re- 
marked that it is not the depth measured immediately 
over the gate or hatch itself, but from the level of still 
water a few feet away from it ; and the depth from which 
the velocity is to be calculated is the whole depth from 
the surface of still water to the top of the gate. The 
actual depth measured on the gate is, on an average of all 
depths, about foui-fifths of the full depth, approximately. 

The mean velocity of the stream going over the gate, 
calculated from the depth between the still water of the 
head and the top of the gate, is two-thirds the velocity 
due to the lowermost thread of particles, which is 7*5 ^Jh. 
That thread of particles which has the mean velocity of 
the whole is at a depth below the surface of four-ninths 
of the whole depth, and is 

/4 2 _ 
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If, for instance, the depth were 6in., or 'Sft., the mean 
velocity would be 5 V^ = 3 •54ft. per second. But 
the actual velocity of the sheet of water passing over 
Ihe gate would be greater in the ratio of 5 to 4, for the 
depth of water on the gate would be approximately four- 
fifths of the whole depth. Thus the actual velocity would 

^ 7 = 4 '42ft. per second; and the speed of the 

wheel might be 4ft. per second, so that the spaces between 
the float-boards which are successively presented to the 
flow of water may be fully supplied. The speed, however, 
may be required to be greater than 4ft. per second, 
according to the kind of work it has to do, and according 
to the intermediate gearing. 

Sir William Fairbaim usually made the speed of breast 
wheels from 4 to 6ft. per second at the periphery. If the 
water does not flow immediately on to the wheel from a 
still head, but arrives in a channel of no great widtb, and 
therefore with a perceptible velocity, let that velocity be 
ascertained with floats and reduced to feet per second ; or 
if not by direct observation with floats, let the known 
approximate quantity of water coming down the channel 
be divided by its sectional area, which will give the mean 
velocity of the stream, and that velocity increased by one- 
fourth will in most cases give the velocity at the surface, 
which is that to be ascertained, and if it be called «?, then 
«7, the mean velocity due to the whole depth of water above 
the gate, will be 5 jjh + '035 w^ and that of the sheet of 
water passing over the gate will be greater than this in 
the ratio 5:4. 

The . parts of a low-breast wheel are, besides the axle 
and the arms, the rim, the starts, the sole-boards, and the 
float-boards. The sole-boards should not close up the 
spaces between the float-boards, but at the top of each a 
horizontal slit of an inch or so in width should be left 
for the escape of air when the water flows in, and for its 
admission when the water is discharged after passing the 
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vertical centre of the wheel, otherwise the water will 
neither enter freely nor be discharged freely. The axle, 
arms, and starts, are usually of oak or elm; the float- 
boards of fir. 

Another form of sluice gate is the double hatch, the 
opening being wholly below the surface, and the tipper 
and lower parts of the gate being brought within the 
required distance of each other by racks and pinions. 
This form is adopted to ensure a greater velocity in the 
issuing stream of water than it can attain when it passes 
over the top of the gate, with the same expenditure of 
water. The quantity of water discharged in a given 
time by either form of gate may be calculated on the 
same basis. It is proportional to the square root of the 
height from which it falls and to the area of the 
opening through which it issues — to the velocity and 
sectional area combined. Water falling over a weir 
takes the form of a parabolic curve, and there issues in 
any given time two-thirds of the quantity which would 
issue in the same time from an opening of the same 
dimensions placed horizontally at a depth below the 
surface equal to the whole depth of water flowing over the 
weir. Through an opening wholly below the surface the 
quantity is proportional to the area multiplied into the 
velocity. The causes of diminution of the flow in either 
case are (1) contraction of the stream, and (2) friction, or 
that retardation of the particles of water next the bottom 
and sides which ensues upon their being rolled over each 
other, by reason of the contact of some of them with the 
confines of the channel, while those in the axis of the 
stream pursue a straighter course. 

Current Wheels. 

The original form in which use was made of water in 
motion to do mechanical work was that of opposing to the 
force of the current of a river a series of float-boards placed 
round a wheel. In Ewbank's historical account of ma- 
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chines for raising water he describes the tympanum 
(Fig. 37) used by the Komans, and so called by them from 




Fig. 37. 

its resemblance to a drum ; but a similar form of wheel 
had been used in more ancient times. It had a hollow 
shaft, or axle, and tl^e arms proceeding from it to the 
circumference of the drum were bent up at their ends, 
and formed so many scoops, which, when the wheel was 
turned round, gathered up each its portion of water, and 
as each arm came to a horizontal position the water was 
shot inwards and entered the hollow shaft, and, one end 
only being open, the water was discharged from it and 
led away. 

This machine was greatly improved in the early part 
of last century by M. De La Faye, a member of the 
French Academy of Sciences, who " developed by geo- 
metrical reasoning a beautiful and truly philosophical 
improvement." Quoting from Belidor's description of De 
La Faye's reasoning, Ewbank gives it thus : — " When the 
circumference of a circle is developed a curve is described 
(the involute), of which all the radii are so many tangents 
to the circle, and are likewise all respectively perpen- 
dicular to the several points of the curve described, which 
has for its greatest radius a line equal to the periphery 
of the circle developed. Hence, having an axle whose 
circumference a little exceeds the height which the water 
is proposed to be elevated, let the circumference of the 
axle be evolved, and make a curved canal, whose curvature 
shall coincide throughout exactly with that of the involute 
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just formed. If tlie further extremity of this canal be 
made to enter the water that is to be elevated, and the 
other extremity abut upon the shaft which is turned, 
then in the course of rotation the water will rise in a 
vertical direction, tangential to the shaft and perpendicular 
to the canal, in whatsoever position it may be." As given 
by Belidor (Fig, 38) it has four arms, but Ewbank says 
that is frequently constructed with double that number. 



Fig. 38. 

Dr. Olinthus Gregory, in his treatise on Mechanics, 
after describing this same machine, says: — "Thus the 
action of the weight, answering always to the extremity 
of a horizontal radius, will be as though it acted upon the 
invariable arm of a lever, and the power which raises the 
weight will be always the same ; and if the radius of the 
wheel, of which this hollow channel serves as a bent 
spoke, is equal to the height that the water is to be raised, 
and consequently equal to the circumference of the axle 
or shaft, the power will be to the load of water recipro- 
cally as the radius of a circle to its circumference, or 
directly as 1 to 6^ nearly," The wheel being turned by 
the impulse of the stream acting upon the float-boards, the 
orifices. A, B, C, D, &c., of the curved arms dip, one after 
another, in the water, which runs into the channels so 
formed, and as the wheel revolves the fluid rises in them 
vertically and enters the hollow shaft, from which it runs 
out in a stream at either end. 

This form of wheel can only raise water to the height 

M 
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of half its d!iameter, but the "Persian Wheel" (Fig. 39) 
takes it up nearly to the full heigLt of its diameter. 
Buckets are hung upon pins projecting from one or both 
sides of the wheel, and when they arrive at the top they 
are emptied by coming in contact with the trough, which 
conveys the water away. For this purpose they are 
furnished with bowed springs, which come in contact 
with a fender at the side of the trough into which the 
water is discharged, and so the bucket is tilted up and 
emptied, and swings down again to its vertical position. 

The power of such wheels as these is measured by the 
area of the float-board and the velocity of the current 
combined. The velocity is most easily ascertained by 




Fig. 89. 

means of floats, which are sometimes of wood, painted 
white and loaded with lead until the upper surface stands 
nearly level with the surface of smooth water ; but, per- 
haps, spheres are better, of some material which displaces 
nearly, but not quite, its own bulk of water, as offering 
less obstruction to the action of wind. Oranges are 
sometimes used. 

Having ascertained the surface velociiy of the stream, 
the inquiry would be — What produces this velocity ? It 
is the force of gravity acting on a mass of matter which 
possesses the quality of fluidity ; and water is drawn to 
the ocean from its source by that power, and is interrupted 
in its course thither by being employed to turn wheels, or 
odierwise to transmit the force inherent in it to the work 
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to be done. The surface of a stream of water may be 
considered as au inclined plane, reversed, down which 
moTQB the body of water. When water enters a river or 
stream, time must elapse before that portion of the river 
or stream below the point at which the water enteis 
becomes m train. A river is in train when the inclination 
of its surface does not vary while its hydraulic mean 
depth remains constant ; and it may be said to be in pro- 
gressive train and in retrogressive train when the inclina- 
tion and hydraulic mean depth increase gradually and 
decrease grcidually, respectively. For instance, after the 
flood waters of the upper part of a river had ceaaed to 
flow into it, it would not become in train until all that 
water had spread its influence over the lower part of the 
river ; but after that it would continue in train until it 
should be again influenced by additional water. When- 
ever that might occur, if the quantity were to run in 
gradually until it were exhausted, the river would be put 
into a state of progressive train, and if, by reason, of no 
more water running into the river until that whidi had 
run in had run out, the river would be in the meantime 
in a state of retrogressive train ; and so the regimen of 
the liver might fluctuate gradually in this way ; but it 
is seldom that this regular influx and efflux take place. 

The regimen is usually interrupted by intermediate 
additions of water, so that, except in dry weather, it is 
not easy to aacertain when a river is or is not in train, 
and the altamative is to observe to what level the surface 
marlm in flnmmer, excluding excessive droughts, and to 
call that the summer level. The liveor is at those times 
*' in trun." Taking the surface of the river, then, when 
it is in train, the water drawn along it by the force of 
gravity may be said to move along the indiiied path of 
its surface reversely, for the same reason that a solid 
moves down and upon an inclined path ; and that, of the 
laws governing the two cases, some are applicable to 
both, while others are applicable to each respectively^ 

If an inclined path down which a solid body might 
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move were perfectly smooth, there would be no. sliding 
friction, and as soon as the limiting angle of resistance to 
the friction of stability should be attained, the solid would 
shoot down the incline with an accelerating velocity. 
In a river the water is not perfectly fluid, but has some 
viscidity. If it were a perfect fluid it could not be 
retained in its channel, and no state of the river such as 
that we call in train could be maintained. 

It is sometimes said that it is '* fortunate " that water 
decreasing in temperature below about 40 degrees Fahr., 
expands, and that when it is converted into ice the specific 
gravity is so much less than that of water that it floats 
upon it, otherwise that the whole would become a solid 
mass of ice. It may be said to be equally " fortunate " 
that water is not a perfect fluid, otherwise it would all 
mn oiit of the river in a glut, and no permanent stream 
could be maintained. 

When water is gathered together in a stream and 
descends towards the sea, it does so with a velocity the 
square of vrhich is proportionate to the inclination of its 
surface, combined with its hydraulic me9,n depth, the 
mean velocity of the whole body being in general 8 or 9 
tenths (according to the roughness of the bed) of a mean 
proportional between its hydraulic mean depth and twice 
the fall of its surface per mile. Water flowing in the 
axis of a stream goes down with greater velocity than 
that near the sides, which shows that, although we say 
water is a pei-fect fluid for all practical purposes, it yet 
possesses some viscidity, for its outer portions hang to 
the ground over which it runs, and the velocity increases 
from the bottom upwards and from the sides inwards, 
until the maximum velocity is attained in the axis of the 
river; and it is even observed in parts of some rivers that 
there is a reverse current near the shore, running up the 
river. Between this upward current and the main down- 
ward current there are eddies. There are also eddies at 
some distance upwards from the point of observation of 
the shore water, at which point it turns downwards again 
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and gets into the main stream. The velocity is greatest 
in the axis because the channel is there the deepest. 

The axis need not be in the centre of the liver, for it is 
its main channel, wherever that may be ; and the velocity 
is there the greatest, because at any point of the depth — 
whether at the point where the mean velocity takes place 
or whether at the surface — it is further removed from the 
retarding influence of the bed. The motion is due to the 
attraction of the mass of the earth, and it finds the 
readiest way to the lowest point continually. The velocity 
it acquires in falling is the measure of its force. It rolls 
with an involved motion, the moving particles at the 
sur£ice being ^continually replaced by those from below 
and from the sides. All these things show that water is 
not a perfect fluid, but that it has in some degree the 
quality of viscidity, or viscosity, if that word moi*e exactly 
explains the meaning. 

The wheels last described are current wheels, and there 
are many situations where they may be usefully employed, 
especially in new countries, and where other forms could 
not be readily adopted. The power of such wheels may 
be determined on the following considerations: — If the 
wheel be flxed, and the current of water impinge against 
the float-boards it will do no work, but the effort of the 
water, tending to turn the wheel round, will be the 
greatest possible — will be the maximum eflfort that the 
water is capable of when running with its actual velocity. 
On the other hand, if the wheel be freed, and it ofler so 
little resistance to the current of water as to move with it 
— ^that is, with the same velocity — then again no work 
will be done, there being no resistance. 

Between these two states there is one which produces 
the maximum effect, or greatest amount of work. When 
the water is at liberty to escape sideways as &st as it 
impinges on the float-boards, as it does in current wheels, 
it can be shown by a process of reasoning that the effect 
is a maximum when the float-boards move with a velocity 
equal to one-third of the velocity with which they would 
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move if there were no resistance, or one-tiiird of that of 
the current of water; and also that the most effeotire 
force with which the water can act on the wheel is fonr- 
ninlhs of its utmost force when its head accumulates 
against the float-board when the wheel is held stilL This 
foroe is eqnal to the weight of a column of water whose base 
is the area of the immersed float-board, and whose height is 
that due to the velocity of the current. That h^ht is 
found thus. The force of gravity constantly adds a 
ceortain quantity of motion, second by second, to a body 
fieJling freely, 'vrfiatever actual velocity it may have 
attained at the end of any previous second, and this 
quantify is 32^ft., and is usually repres^ited by the letter 
g. In ^e first second, after falling from a state of rest, 
it fftlls a distance of 16^ffc., being the mean between zero 
when at rest and 32^ft., the velocity it has acquired at the 
end of the flrst second. For practical purposes such as 
these we are considering, it is sufficiently accurate to take 
^=32, and \ the height fallen through in the flrst second, 
=16. The v eloci ty will then be for any height, v = 
^^ghy = V^^^ = ^ V *>• and conversely, ihe height 
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corresponding to any given velocity, », will be ft = —-, t? 

64 

being the velocity in feet per second. Supposing, then, 

the velocity of any stream employed to turn a current 

wheel to be found by experiment to be 8ft. per second, 

the height from which it must have fallen to produce this 

• 8 y 8 

velocity is — ^- = 1ft. Supposing the immersed area of 

the float-board to be 10 square feet, the force of this current 
on this immersed area of float-board would be 10 X 1 X 
62^ = 6251b. But this is the whole foroe due to the 
stream of water, and can only take effect when the wheel 
is held ^ still and therefore, of course, is doing no work. 
When let go it will move with a velocity, compared with 
that of the stream, which will be due to the ^tent to 
which it may be loaded, and the maximum efiect, or 
greatest amount of work done, will take place when the 



FORCE OF A WATER CURRENT. 167 

force acting on the float-board is ^ of the whole force of 

(4 y 625 X 
-Jl- — = \ 277-7lb., and when the velocity 

of the wheel is J of that of the water, or ^ = ^ 2f f t. per 

eecond, the work done will be that of falling (277-7 x 2f 
= ) 7401b. Iffc. per second, which is about IJ horse-power. 
This takes account of only one float-board, but it has been 
found by experiment that by making the number of float- 
boards greater than is striotiy required in order to keep 
one float-board always fully immersed, a greater effect is 
produced, and ticking this practical increase of effect into 
account we may say this wheel would be, at least, 1 J 
horse-power. 

Where a stream can be confined in its channel so as to 
make all the water that impinges on the float-boards 
continue to act upon them until the wheel releases it, the 
best relative velocity of the wheel to that of the stream is 
one-hal^ instead of one-third when unconfined. But 
when the circumstances of the situation are such that an 
artificial channel can be made to bring the water to the 
site of the work iiie wheel is taken out of the category of 
current wheels and becomes a prop'^r " undershot" wheel ; 
as, for instance, where a stream, being small, may be 
wholly dammed up for the purpose of gaining a few feet 
head of water without causing it to overflow the banks of 
the stream above, or do other damage ; or where part of 
the water of a larger river may be diverted from a point 
at some distance above the site of the intended wheel and 
brought to it in an artificial channel having a less rate 
of inclination than the river itself, so that a few feet head 
of water can be accumulated, then a proper undershot 
wheel may be applied. 
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Corn-mills, 

The cases to be presently mentioned are snch as admit of 
the quantity of water expended being ascertained, which 
is usually the whole volume of the stream, and whether 
that be so or not in particular cases the quantity ex- 
pended can be ascertained from the two measurements of 
tbe fall and the opening of the sluice-gate ; but current 
wheels such as those last mentioned are sometimes 
applicable. 

The quantity of water which actually strikes the wheel 
is always less tban the whole quantity which comes 
against it ; it bears the same relation to the whole quan- 
tity as the difference between the velocity of the water 
and that of the wheel bears to the absolute velocity of 
the water. The force with which this quantity strikes 
the wheel is as the square of the relative velocity, or 
the difference between the two velocities, for the force 
is as the relative velocity multiplied into the quantity 
striking the wheel with that velocity, and the quantity 
is as the relative velocity, therefore the force is as the 
square of the relative velocity. If, for instance, the 
stream move at the rate of 9ft. per second, and the wheel 
at the rate of 3ft. per second, 36, the square of the differ- 
ence, represents the force acting upon the wheel ; but if 
in the same stream the wheel move at the rate of 6ffc. per 
second, the force is only 9, the square of 3, the difference 
between the two velocities. But when a close race is 
fitted to the lower portion of the wheel, which is the 
usual mode of construction, so that the water does not all 
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escape immediately after striking the float-board with 
which it comes in contact, but continues to act until it 
finally leaves the wheel at or near the bottom, the case is 
different, and under these circumstances the best velocity 
for the wheel is found to be nearer one-half than one-third 
of that of the water. 

In general, the largest bodies of water are found in the 
lowest positions, with small or but moderate falls, and 
although the application of water to turn the wheels is 
better effected with a steady pressure and uniform motion 
— ^that is by its weight — ^yet when the quantity is large, 
and the fall but little, it cannot be so well applied in that 
way as by means of undershot wheels. The water acts 
upon these by impact, in contradistinction to weight, and 
the power of water actiug in this manner is derived from 
a force different in its nature from that which produces a 
steady pressure. 

Taking the quantity of water expended to be the same 
in the two cases, it would be discharged in the former 
through a small opening with great velocity, and in 
the latter case through a large opening with but little 
velocity ; in the one case it is discharged near the bottom 
of the fall, in the other near the top. At a depth of 
5-7 6ft. the velocity through a sluice is 7-5 V5'76 = 18ft. 
per second. The constant 7*5 is thus derived. In the 
discharge of water through holes in thin plates the stream 
is found to be contracted in sectional area at a short 
distance outside the opening. With round holes the 
diameter at the contracted part can be measured, and its 
sectional area ascertained, and it has been found by 
hydraulicians who have made these measurements that 
the area at the contracted part of the stream is about two- 
thirds of that of the hole. If the velocity at this part 
suffered no diminution, which is sometimes assumed, the 
discharge would be a x 8 v'^j <» being the sectional area 
of the stream at its smallest part, and h the height of 
the surface of the water above the centre of the opening ; 
^d if A be the area of the opening, the quantity 
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issuing would be | A X 8 V^. But the cubic quantities 
actually measured do not amount to so much as this 
represents ; they amount to only f A x 8 ,jli\ the differ- 
ence, therefore, must be caused by a diminution of the 
Telocity in the ratio % to f, or 8 to 7*5, in the contracted 
part of the stream ; and in the opening itself in the ratio 
1 to f or 8 to 5 ; and the diminution of velocity in the 
contracted part is probably the same in all forms of 
opening, although the degree of contraction varies much 
with the forms; thus the actual velocity of a stream 
issuing from under a sluice-gate, taken at that part where 
it is greatest, is 7*5 V^ ^ being measured in feet, and 
the velocity in feet per second. The most general pro- 
portions of velocities between the water and the wheel 
found in twenty-seven experiments by Smeaton was 10 
to 4, the extremes being 10 to 3*4 and 10 to 5*2 ; and the 
most general proportion between the power and effect was 
10 to 3, the extremes being 10 to 3-25 and 10 to 2-82 ; 
but as the former is that which obtained when the power 
-exerted was greatest, the proportion in large works may 
properly be taken at 3 to 1 for ordinary undershot wheels 
with straight float-boards, where the water is confined to 
them by a close race. 

Amongst the trials I have made of the quantity of water 
expended in doing various kinds of work may be selected, 
first, either those in respect of different kinds of work on 
the same kind of wheel, or those in respect of the same 
kind of work on different kinds of wheel : the latter method 
seems preferable, and the following are selected from some 
trials of the quantity of water expended in grinding com 
with undershot wheels. These, as will be seen, are much 
less effective, in proportion to the quantity of water 
expended, than either overshot or breast wheels; but 
there are many of them, and notwithstanding their less 
effectiveness, they are more appropriate for large quan- 
tities of water and low falls than the other kinds of 
wheeL 

In a corn-mill driven by an undershot wheel 16*80ftrf 
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diameter, 8 * 50ft. wide, wldch has 24 straight flo)a.t-boards 
2 • 26ft. wide, without soling, there are two pairs of French 
burr wheat-stones, 4ft. lOin. diameter, and one pair 4ft. Sin. 
diameter; also one pair of grey stones 6ft. diameter, one 
pair of shelling-stones, one corn-screen, and two flour- 
dressing machines. The centre of the wheel is 2 * 20ffc. 
above the level of a fuU head of water. The bottom of 
the sluice-opening is 3 •40ft. below full head. When the 
wheel is standing, the tail-water is 6- 20ft below fall 
head. On the occasion of the following trial, No. 1, the 
water was • 66ffc. below full head, the height above the 
bottom of the sluice-opening being 2 • 84ft. Two pairs of 
4ft. lOin., and one pair of 4ft. Sin. wheat-stones, and one 
flour-dressing machine, are running. The sluice-gate is 
drawn * SlfL The surface of the water in the tail-race is 
6 '20ft. below the full head, or 4' 64ft. below tiie present 
head. The head above the centre of the sluioe-opening is 

2-S4 - ^ = 2-44ft. So far, these are matters of ob- 

servaiion and measurement, but the next is one of calcula- 
tion; — ^that is, l^e quantity of water discharged through 
ihe sluioe-opening, which is 8 • 70ft. wide, and formed as 
in the diagram. There are side walls, a9 in Fig. 32, and 
the bottom is level with the sill. The side walls are not 
of the best form for facilitating the passage of the water, but 
they conduce to it in some degree. Under the circumstances, 
the proper co-efficient of discharge would probably be • 76, 
and the quantity of water 8-70 x 'SI X 8 ^2*44 x -76 
= ^h cubic feet per second, or 3,900 cubic feet per minute, 
which, multiplied into the fell, 4- 64ft. = 18,096. There 
being three pairs of stones running, the quantity of water 
per minute per foot of fell per pair of stones is 6,032 cubic 
feet, indLuding the dressing machinery. 

The next trial, Wo. 2, was with a full h«id of water, 
with the same wheel, the machinery running bdng two 
pairs 4ft;. Sin. and one pair 4ft. lOin. indieat-stonesi, one 
pair 6ft. grey stones, and one flour-dressing machine. The 
sluice-gate was drawn • 76ffc. There being a full head of 
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•76 
water the surface water was 3 • 40 - -— - = 3 • 02ft. above 

li 

the centre of the opening. The area of the opening is 

8-70 X -76 = 6-60 s q. ft. , and the discharge would 

be 8*70 X -76 X 8 ^3*02 X '75 = 68 cubic feet per 

second, or 4,080 cubic feet per minute. There being a 

full head, the faU was 5- 20ft., and 4,080 x 5-20 = 21,216. 

If the driving of the meal-stones requires as much power 

as a pair of wheat-stones, so that the number might be 

reckoned as four pairs, then the quantity of water ex- 

I)ended per minute per foot of fall per pair of stones is 

5,304 cubic feet ; but if the number be taken at 3 • 5 pairs, 

then 6,060 cubic feet. On the third trial with this wheel 

the water was • 14ft. below full head, and the sluice-gate 

was drawn • 80ft., the machinery running being the same 

as on the last [trial. The height of the water above the 

bottom of the sluice was 3 -40 - -14 = 3- 26ft. The 

height above the centre of the opening 3* 26 - -40 = 

2-86ft., and the discharge 8-70 X -80 X 8 ^2*86 X -75 

= 70 cubic feet i)er second, or 4,300 cubic feet per minute. 

The fall was 5ft., and 4,300 X 5 = 21,500. If the work 

done be reckoned as four pairs of stones, the quantity per 

pair is 5,375 cubic feet; but if as only 3 J pairs, then 

6,143 cubic feet per minute per foot of fall, the dressing 

machinery being included. The speed of this wheel is 

ten revolutions per minute. On the fourth trial the grey 

stones and the dressing machine were thrown off, and the 

three pairs of wheat-stones run. The water was 1 • 50ft. 

below full-head, and the sluice-gate was drawn '98^. 

The height of the water above the bottom of the sluice 

was 3*40 — 1*50 = 1*90, and above the centre of the 

openi ng 1* 90 - -49 = 1-41. The discharge 8-70 X '98 

X 8 V 1 * 41 X • 75 = 61 cubic feet per second, or 3,660 cubic 

feet per minute. The fall was 5-20 - 1-50 = 3 •70ft., 

and 3,660 x 3-70 = 13,542. 

There being three pairs of stones running, the quantity 

of water expended per pair of stones would be 4,514 cubic 

feet per minute per foot of fall. 
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At another corn-mill there are three wheels, the trials 
with one of which only are selected. It is 16* 30ft. dia- 
meter, 6 • 20ft. wide, with 24 straight float-boards 2 • 25ft. 
deep. The centre of the wheel is • 56ft. above the level 
of a full head of water. The bottom of the sluice-opening 
is 5* 61ft. below fall head. 

On the occasion of the following trial, No. 1, the water 
was l*15ft. below the level of full head. The sluice was 
drawn • 98ft. The head above the bottom was, therefore, 
5*61 — 1'15 = 4* 46ft., and above the centre of the open- 

.QQ 

ing 4-46 - -^ = 3- 97ft. The width of the sluice-gate 

is 6 • 7 0ft. The discharge, therefore, would be 6 • 70 x "98 

X 8 V3* 97 X '75 = 76 cubic feet per second, or 4,560 

cubic feet per minute. The fall from present head to 

tail-water is 5 •46ft., and 4,560 x 5-46 = 24,897. There 

were four pairs of stones running at the time, and the 

quantity per foot of fall per minute per pair of stones 

would be 6,224 cubic feet. The speed of this wheel is 

eight revolutions per minute. 

On the next trial, No. 2, with the same wheel, the water 

was 1 • 35ft. below full head, the sluice was drawn 1 •26ft., 

the head above the bottom was 5*61 — 1«35 = 4'26, and 

1'26 
above the centre of the opening 4 '26 ^— = 3 •63ft. 



The discharge would be 6-70 X 1*26 x 8 V3-63 x -75 
= 95 cubic feet per second, or 6,700 cubic feet per minute. 
The fall was 5ft., and 5,700 x 5 = 28,500. There being 
four pairs of stones, the quantity is at the rate of 7,125 
cubic feet per pair. 

The next trial was with a wheel where the sluice-open- 
ing is 10* 50ft. wide. The depth of water to the bottom 
of the sluice was 5 •45ft. The gate was drawn '68^. 
The head upon the centre of the opening was, therefore, 
• fift 

5-45 — = 5^11ft., and the quantity discharged 10*50 

2 

X '68 X 8 ,Jh'\\ X '75 = 96 cubic feet per second, or 
5,760 cubic feet per minute. The fall was 5 •32ft. at the 
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time of the trial, and 5,760 x 5-32 = 30,043. The 
number of pairs of stones being five, the quantity per pair 
was 6,128 oubio feet. 

All these wheels are undershot, and of rather rude 
constmction, but not, perhaps, unusually so. 

The next trial was with two low-breast wheels 14ft. 
diameter, each 10ft. 6in. wide, where the water fsdls over 
the top of the gates. The combined length of the opening 
is 19ft., and the depth of water going over 6|in. 

The form of the tops of the gates is such as to make it 
probable that five would be very nearly the proper con- 
stant to apply for the quantity of water in cubic feet per 
minute, and 5 sjW^y. I = 5 V(6|7 X 19 = 1,700. 

1,700 X 5ft. fall = 8,500. There were running three 
pairs of wheat-stones 4ffc. diameter, with the dressing 
machinery, -which would make, per pair of stoniBB, 2,833 
cubic feet per minute per foot of fstU. 

The useful eflfect of the weight of a given quantily of 
water acting during a long time, the velocity being con- 
sequently small, is much greater than that of the same 
quantily acting by the impulse of a great velocity. K 
the quantity per second or per minute be multiplied inta 
the vertical height of the fall, and called M, this divided 
by 528 exhibits the horse-power of the water when 
applied by its weight upon the wheel ; but when it acta 
by impulse, M must be divided by 1056 for the horse- 
power of the water, and if it acts through part of the fall 
by impulBC, and through the remainder by weight, these 
parts must be taken separately. The horse-power of a 
waterfall, therefore, cannot be stated, even when the 
quantity and fall are known, without taking into account 
its mode of action, for it requires twice as much water ta 
produce a given power by way of impulBC, as that which 
is required to produce tiie same power by its weight,^ 
moving with slower speed. If, for instance, Q be the 
quantity of water in cubic feet per minute, and li, the 

height of fall in feet, the horse-power is ^^ when ita 
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weight is brought to bear upon a wheel which has a 
velocity of its drcnmferenoe sufiSoient only to give the 
water room to fall freely; and the slower the speed 
the greater the useful effect, according to the following^ 
reasoning. (Kobison's * Mechanical Philosophy.') 

Putting the work to be done into the form of a 
weight to be raised, *'if E be the radius of the wheel ta 
the centre of gravity of the water in the bucket, and w 
be the weight of the column of water acting at that 
distance from the centre of the wheel, and if r be the 
radius of the axle, or the distance from the centre at 
which the weight W reacts upon the falling water, then 
the forces are in a state of equilibrium when E «? = r W, 
and this is so whether the acting and reacting forces b& 
at rest or move with any velocity whatever, so that it be 
uniform ; for gravity would accelerate the falling water 
if it were not completely balanced by some reaction, and 
in this balance, gravity and the weight raised exert equal 
and opposite pressures, and thus produce uniform motion. 
Now as to the speed, both the falling water and the 
weight raised may be taken for comparison in cubic feet of 
water, and if A be the cross-sectional area of the falling 
column of water, and A its height, its weight may be 
represented by A h, 

" If V be the velocity of the descending weight w, in feet 
per second, and v that of the ascending weight W, then 
Wr = MR ; but E : r : : V : «, therefore W« = AAV. 
The work done is measured by the weight and the height 
to which it is raised per second, or by Wv ; therefore, the 
greatest amount of work is done when AAY is a maximum. 
But AY is a constant quantity, being the quantity of 
water descending per second ; if the wheel moves fast A 
is small ; when Y is small A is great, but AY remains the 
same ; therefore, Jh should be the greatest possible — that 
is, the water should be applied upon the wheel as high 
up as possible ; but this diminishes the head necessary to 
give tiie water its velocity of entry into the buckets, 
which must be such as to prevent them striking it in 
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passing the entering stream of water ; and a diminution 
of this head diminishes the velocity of the entering water, 
while, at the same time, the less the speed of the wheel 
the less need this velocity be. As the diminution has no 
limit, the reasoning shows that an overshot wheel does 
more work as it moves with slower speed." But practical 
considerations and experiments have shown that a velocity 
of at least 3ft. per second should be given to the circum- 
ference of a water-wheel, and that it may be as much as 
6ft. per second without much loss of effect. 

With overshot wheels it is very desirable to keep the 
water up to the same head at all times ; but this cannot 
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Fig. 40. 



be done without wide reservoirs. The small reservoirs 
or dams for the storage of the night water, or at most, for 
the 36 or 40 hours from Saturday to Monday, are not of 
sufficient capacity to do this, and the head consequently 
varies considerably between morning and night, as well 
as at different times of the year. There are two ways of 
applying the water under these circumstances; one by 
means of a sliding gate or roll of leather over which the 
water flows upon the wheel at various heights, but always 
with the same velocity, and therefore without unneces- 
sary loss of head (Fig. 40), and the other by means of 
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a pentrongh above the wheel to contain a considerable 
depth of water (Fig. 41), whereby a sacrifice of power is 
made when the water is at a high level, the diameter of 
the wheel and the application of the water being accom- 
modated to the lowest working head. The following case 
is one of this sort : — ^The former method is mnch the 
better, but in water questions it is not always what is 
best that can be insisted upon, but what exists which 
must be dealt with. A corn-mill has an overshot wheel 
15ft. diameter, 7jft. wide. The wheel works close under 




Fig. 41. 

the pentrough, as in Fig. 40, and the water is, therefore, 
laid on at the highest possible point, which is about 
25 deg. from the vertex. At the time the following 
observations were made there was a depth of water in the 
pentrough of 4ft., the sluice-opening being in the bottom, 
which consists of 3in. planking. The length of the 
opening is 6 * 40ft., and the width, when all the machinery 
of the mill is running, is 3in. ; the area of the opening 
is, therefore, 1 * 60 sq. ft. The coefficient of discharge 
through such an opening would be about * 60, and the 
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q^mntitjr of water passing throti^ the sluice would be 
V64 X 4 X 1-60 X -60 = 15-36 cuhio feet per second, 
or 920 cubic feet per minute. The water is laid on to the 
wheel 1ft. below the bottom of the pentrough, and about 
1 Jft. ir lost at the, bottom of the wheel, the effective fall 

being 15 - 2-6 + | = 15ft. The powar of the water 

applied through this wheel is, therefore, that of 920 cubic 
feet per minute falling 15ft., or 13,800 cubic feet per 
minute falling 1ft. 

The machinery in the mill, all of which can be run at 
the same time with the before-named quantity of water, 
is: Four pairs of French burr wheat-stones, 4ft. 4in. 
diameter ; one pair of Derbyshire grit meal-stones ; one 
pair of shelling-stones ; one bean-splitter; one corn- 
dressing machine; one flour-dressing machine, 20in. 
diameter, 6ft, long. If the other pairs of stones be sup- 
posed to require the same power as the wheat-stones, and 

13 800 
ttat there are in aU six pairs. -^ = 2.300 cubic feet 

of water per minute per foot of fall for each pair ; and 

* = 4*35 horse-power. 
528 

The quantity of wheat ground per hour is about four 
bushels by each pair of stones, when in good condition ; 
or 3 J bushels at other times. 

The second example is that of a flour-mill. There is a 
slight difference, it may be said parentiietically, between 
a floizr-mill and a. oonL-mill. In country places,, such as 
th«t where liie mill first mentioned ia situated, other grain 
beddea wheat is ground for the canvenienoe of the neigh- 
Ix^irhood, atnd i(st idiese the term eom-mill ia more appro- 
priate; but mills near large towns are often &lly 
occupied in grinding wheat; except tiiat they may have a 
pair of meal-stones for occasional use^ and these are more 
properly called flour-mills. In ti^e following case there 
are two brQast-^vdifi&ls,.eadi I6ft. diameter, one 12ft. wide, 
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the o&er SfL, widi cast-iron hollow shafts, and cast-iron 
^amui and rings, into which oak starts are fitted. The 
larger, or No. 1 wheel, has foxxr sets of arms and rings, and 
forty oak starts in each ring ; the smaller, or No. 2 wheel, 
has three sets of arms and rings, and the same number of 
•starts in each ring as the other wheel has ; and there are 
40 float-boards of elm in each wheel, 18in. in depth, and 
40 back-boards, also of elm. The oircnmference of tiie 
wheels being 50ft., the floats are 15in. apart from cMitre 
to centre. "When the following observations were made, 
the total fall of water was 6ft. between the head and the 
surface of the water in the tail-race when the mill was 
running, and as the tail-race is carried up to the centre 
of the wheel or liearly so at a good depth, about 2ft., 
there is no drag on the wheels by running in backwater. 
The wheels have cast-iron breasts, which confine the water 
-closely to the edges of the float-boards, and curved water- 
gates of elm, worked by racks and pinions. The water- 
gate of the large wheel is double, the combined width of 
the two openings being 11 • 30ft. ; the width of that of 
the smaller wheel is 7 * 90ft., and the water runs over the 
top of the gate, and under a fixed head-beam, as shown in 
Fig. 42. 

There are ten pairs of stones in this mill, nine pairs of 
Prench burr wheat-stones, 4ft. 2in, diameter, and one pair 
of Derbyshire grit meal-stones, with all the necessary 
wheat-dressing and flour-dressing machinery. But at the 
time of the experiments there were only seven pairs of 
wheat-stones running, together with the dressing-machi- 
nery, or as much of it as was required to keep in work 
the seven pairs of stoakee* The quantity of water is cal- 
oulated in the following mami^^ which, for small heads 
above tibe opeoings, is more accurate than that of mea- 
suring the head of. water from the- surf ace to the centre of 
the opening* The gate being lowered by the miller to 
the depth whidi hft ftoAM sufficient to do the work, the 
heights K and h in P%: 42 axe measured, after a sufiB^ 
oieut time has elapsed t& aUow the water to settle to a 
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steady head, and after the miller has finally adjusted 
the height of the gate. As the thickness of the water- 
gate is 6in., and the side and division-posts are square 
in form, the proper co-efficient of discharge would be 
about • 63. The quantity of water passing through such 
an opening is taken to be the difference between those 
which would pass over two weirs, the one having the 
depth H, and the other the depth \ both below the 
surface of still water. In this way, on the first experi- 
ment of No. 1 wheel, the depth H was ll^in., and ^ 4in.> 
the combined length of the two openings being ll*30ft. 



HEAD BEAM i 




Fig. 42. 



The fundamental condition is that at the depth H or \ 
the velocity of the water is proportional to V ^^ H or 
V 64 A, and the mean velocity of the whole sheet of water 
is two-thirds of that which it is at the depth H or A, the 
quantity actually discharged being corrected by the^ 
co-efficient • 63, which embraces the corrections for both 
retardation of velocity and contraction of the sectional 
area of the stream, caused by its passing through the 
square form of opening, as in this case* Generally, if Z ba 
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the length of opening in feet, the quantity discharged in 
<5ubic feet per second would be 

Z H X f V^4H X -63 - Z A X § ^Wh x -63 
which is more conveniently stated as 

5-33Z VH^ X -63 - 5-33Z V^^ X '63; 
or, finally, as 

3-35Z(VH^ - ^W), 
when H and A are measured in feet, and the quantity 
discharged is measured in cubic feet per second; but 
when, as in the present instance, H and A are measured in 
inches, and the quantity is desired to be stated in cubic 
feet per minute, 3*36 must be multiplied into 60, and 
divided by the square root of the cube of 12, which is 
41* 56. Under these circumstances, therefore, the quan- 
tity discharged in cubic feet per minute is stated as 

Q = 4-83Z(VH3 - V^'). 
The depth H, then, in the first experiment with the 
wheel No 1, being ll^in., and the depth A being 4in., 

Q = 4-83 X 11-30 X (V(ll-25)3 - ^4^ = 1,621. 
In the same experiment, with No. 2 wheel, the depth H 
was 12^in., and A 4^ in. 

Q = 4-83 X 7-90 X (V(12-25)3 - VC^W = 1,301. 
The two quantities together are 2,922 cubic feet per 
minute,havingatotalfallof 6ft., and 2,922 x 6 = 17,532 
cubic feet per minute falling 1ft. 

There being seven pairs of stones running, with the 
wheat-dressing and flour-dressing machines, and the 
elevator and hoisting tackle, the quantity of water ex- 
pended per minute per foot of fall was 2,505 cubic feet 
per pair of stones driven. If this be represented in 

iorse-power it would be 1——= 4 '74. 

528 

In the second experiment with No. 1 wheel, the height 
H was lO^in., and h 3in. 

Q = 4-83 X 11-30 (V(10-50)3 - ^3^) = 1,572. 

In the same experiment, with No 2 wheel, H was 12iin., 
tkud & 3^in« 
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Q = 4-83 X 7-90 (V(12*507"- V(3~507 = 1,437. 
These together are 3,009 cubic feet per minate, faUing- 
6ft., equivalent to 18,054 cubic feet ffdling 1ft., and 

— ^ — = 2,579 cubic feet of water expended per minute 

per foot of fall per pair of stones driven. 

In the third experiment with No. 1 wheel, H was- 
lljin., and A 3J in. 

Q .= 4-83 X 11-30 (V (1.1 -25)3 - V (3 -50)3 = 1,700. 

In the game experiment with No. 2 wheel, H wms 12in.^ 
MulA3^. 

Q = 4-83 X 7-90 (V(12)^ - /(3^50y3) = 1^39. 

Together, these are 3,039 cubic feet per minute fftlHng 

6ft., or 18,234 falling 1ft., and }^^ = 2,605 cuKc feet 

of water per minute per ftwi of fidl per pair of stones. 

The meui quantity falling 6ft., derived from the tiiree 
experimente.ifl 2.922+3,009 + 3^39 ^ 2.990 cubic feet 

per minute for seven pairs of stonest or 2,563 cubic feet 
per minute per foot of fall for each pair, and -?— — = 4* &5- 

horse-power. 

With regard ta the large quantify of water fihown to 
be used per pair of stones with those undershot -wfae^, 
viz., 6,032, 6,060, 6,143, 6,224, 7,125^ 6,128, cubic feet per 
minute per feot of fall, including the dressing machinery, 
the average being 6,285, if thiB be put ioto ihe ibrm of 

horse-power it would be = 12 liorse-power nearly,. 

per foot of fall per pair of Atones^ JEvery miUer knows, 
ot at least millers oft^n say, that a pair of Prendi burr 
wheat-stones of medium fiize can be dxiven \ij 4 horse- 
power, which would be 528 x 4 = 2,112 cubic feet of 
water per minute per feot of £eJ1; and that is so when 
the water ifi used by way of its weight on overshot or 
highrbreast wheels; and taking this as a standard tho 
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undersliot wheels on which the above-named experiments 

were made do effective work only about one-third of the 

2 112 
power expended, or more accurately * = 33'6 per 

cent. The owners of all those undershot wheels would 

be amply compensated for the expense of substituting 

for them the wheels called " Poncelet," which give an 

effective power of 55 per cent., and would use under the 

2 112 * 

same circumstances \^ = 3,840 cubic feet of water anly, 

to do the same work, or with ths same quantity of water 

would do more work in the ratio <^ I * 63 to 1, or 5 to 3. 

With Tegard to the diameter of the wheatrstones named, 

such as 4ft. lOin^ 4ft. 8in., &c., these are rather larger 

than the medium size, which is x>^rhaps 4ft. 4in. or £0, 

but an the other hand the quantity of water named in 

each case was measured as fully as was consistent with 

my duty. The experiments with breast wheels show a 

much 1^ quMitity of water required per foot of fall per 

pair of stones driven, including the dressing machinery Jis 

before, viz., 2,833, 2,505, 2,579, 2,605, the average being 

2,631 iCubic feet per minute; and applying the same 

standard oi 4 Jionse-power, or 2,112 cubic &et i>f water 

2SL\^ 
per minute falling 1ft., the effective power is = 80 

per cent, nearly. 
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SECTION XX. 

Work done by Water-wheels. 

The most direct measure of the work done by a water- 
wheel is the quantity of water pumped to a certain height 
by another quantity falling through a certain other 
height. The following instance affords such a measure. 
When I was an assistant to the late Mr. James Simpson 
(past President Inst.C.E.), I made the following trials 
for him with two low-breast wheels, each 19ft. diameter, 
No. 1 being 12ft. wide ; and No. 2, 10ft. The fall of 
water was 6ft. Each wheel works three pumps. A cast- 
iron pipe, lOin, diameter, and 10,890ft. long, delivers the 
water into a service reservoir at a height of 148ft. above 
the level of the source from which the water is pumped. 
This reservoir, for a few feet in height at the top, has 
vertical walls, inclosing an area of 40,804 sq. ft. The 
trial consisted first of the quantity of water expended on 
the wheels, and secondly of the increase of the depth of 
water in the reservoir in a certain time, when the outlet 
valve was closed. 

The gate of the wheel No. 1 is lift, wide, and it had a 
depth of water of l'21ft. ; the gate of No. 2 wheel is 
9 • 76ft. wide, and it had a depth of water of • 96ft. 

According to the construction and arrangement of these 
gates the proper co-efficient of discharge would probably be 
•62. Without allowance for contraction of area or for 
diminution of velocity, the quantity would be 8*02 
^H X ^^ X f = 6'35 ZA V '*» ^^^ i^ *^is be reduced, for 
the effects of contraction, &c., by the co-efficient • 62, the 
actual quantity would be 3^ Z/* V ^ = 3J Z V ^^. Accord- 
ingly the quantity in cubic feet per second would be 
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3 J (11 V (1-21)3 + 9-75 V (-96)3 = 80, or 4,800 cubic 
feet per minute. 

This would be the quantity falling from a still head of 
water ; but the form of the channel is such that the water 
approaches the wheels with a velocity of l^ft. per second, 
as observed by floats, and the height A must be increased 
by a height which is sufficient to produce this velocity, 
which is \ = • 035 t?^. The formula, therefore, is Z\ Ih 
A/h + K = Si(n X 1-21 V 1-21 +0-35 X 2-25 + 9-75 
X -96 ^ -95+ -035 x 2-25) = 83 cubic feet per second, 
or 4,980 cubic feet per minute, which, multiplied into the 
fall, 6ft., and divided by 528, is equal to 56 horse-power. 
To compare this with the effect produced in 11 hours' 
pumping, the water surface of the reservoir was raised 
19in., the quantity in that time amounting to 64,606 cubic 
feet, or at the rate of 1-63 cubic feet per second. The 
area of the lOin. pipe is -545 sq. ft, and the velocity 
through it must, therefore, have been 3ft. per second. 
The head of water required to produce this velocity is 

k = ^.^^'^T.^J V^ ^ 47 feet. The head against 
2,500(1 2,500 x 10 ^ 

which the pumps lift, is, therefore, 148 + 47 = 195ft. If 

this be multiplied into the number of cubic feet per 

minute, 98, and divided by 528, the effect is that of 

36 horse-power, or 64 per cent, of the power expended. 

This is the utmost quantity of water the wheels would 
carry, • purposely tried, and the velocity of the water 
through the pumping main was greater than it should 
have been for economical working. If a less quantity of 
water had been expended on the wheels, such as would 
have produced a velocity in the lOin. main of 2ft. per 
second, or thereabouts, the result would probably have 
been a greater effect than the percentage above named. 

In the neighbourhood of Sheffield water power is much 
used for grinding saws and cutlery, and saw-grinding is 
very heavy work ; but still heavier work is that of forging 
and grinding anvils, and for this kind of work water power 
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is preferred to steam ; the work is not rery regukr, and 
in the intervals the water aocumulates and the great power 
required is exerted dnring short periods of time. A grind- 
ing eBtal)lishment is called a wheel. On some of the 
streams there is a sucoeesion of very oonsideEaUe Mb of 
water, and, although the qnaiitity is not large, a gxeat deal 
of work is done by the same stream. One of thean, for 
instance, has an ordinary flow of about 600 cubio feet per 
minnte where it begins to be used, increasing to 1,000 or 
more where it falls into a larger riyer, and in this distance 
of a few miles there are twenty grinding wheels, mills 
and forges. The fall at No. 1 wheel is ISjIt. The wheel 
is overshot, 14ffc. diameter, 5fL wide, with 5ft. head of 
water in the pentrough over it. There are 16 grindstones 
for table knives and flies ; but it is the trough in which 
the stone runs that the grinder claims as his possession ; 
and this is a wheel of 16 troughs. When 14 of these are 
occupied, the jsHuice-gate or ** shuttle *' is drawn ^^in. The 
length i)f the opening being 4ft. 4in., its area is '91 sq. 
ft. The form of the opening is such that probably '6^ 
would be the proper co-efficient of discharge when the 
sectional area of the stream is taken to be that of the 
sluioe-opening, and 8 Jit, X '63 = 5*04, or aay, 5 fj\ 
for the mean velocity of all the particles of water passing 
through the opening, when resolved in a direclion at ri^t 
angles to it, or in the direction which the successive central 
particles take ; and the quantity discharged woidd, there- 
fore, be -91 X o Jl> X 60 = 606 cubic feet per minute. 

Wheel :No. 2 is 16ft. diameter, 6- 58ft. wide, with 4fl;. 
head of water in the pentrough. There are 8 grindstones 
for table knives, and 10 &r "light" work. All these being 
occupied, the shuttle is drawn 2in. The length of opening 
is 6 * 17ft., and the quantity of water discharged would be 

2 — 

6*17 Xt2X5v'4x60 = 618 cubic feet per mnmte. 

TheJftllisl8ft. 
No. 3 is an overshot-wheel, 11 -756^ diameter, 7* 25ft. 



SAW-GRINDING, ETC 187 

wide, with a liead of 3ft. in the pentrough At the time of 
the trial to ascertain the quantity of water. There a^e 
9 table-knife and 4 razor stones. With these running, 
the shuttle is drawn ^^in« The Jength of opening is 
6 • 85ft., and the area 1 • 42 sq. ft. The quantity of water 
is 1 -42 X 5 V^ X 60 = 736 cubic feet per minute. The 
fall is 14ft. 

J^^o. 4 has two water-wheek, each lift, diameter, one of 
them 5ft. wide, the other 4- 67ft. The fall is 15ft. When 
the trial was loade there were running 10 iable-knife 
stones, and 4 razor stonra. The sluice-openings are re- 
spectively 4'75£iL drawn Ijin-, and 4* 50ft., drawn l^in., 
dischaiging together 656 cubic feet x)er mintite. 

These are all overshot-wheels, with pentroughs, from 
near the bottom of which the water is discharged upon 
the wheel, and in which the head varies from time to 
time, according to the season, or according to the work 
being done ; whether it is more or less than the power of 
the stream for the time being. 

The next one is a wheel of a different kind. 

No. 5 is a high-breast wheel, 15Jft. diameter, S^ft. wide. 
The fall is 13ft. with a full head of water; but it varies 
at different times, for the same reasostti as those before 
stated. Por this wheel, however, the whole fall of water, 
whatever it be 9it various times, is made use of without 
loss of head by letting the water fall over the top di a 
movable lip, which is raised or lowered at pleasure, so as 
to dischaxge the water into the buckets of the wheel at the 
highest possible leveL The circumference of the wheel 
moves closely under a series of cast-iron bars arranged 
across the feioe of the wheel, 1 j[in« apart, the dear length 
of waterway of the openings being 6ft. 9in. (see Pig. 39, 
p. 176). 

When the trial was made, there were 11 saw-grind- 
ing stones running, and five of these op^iings were ex- 
posed, the head upon each sucoessive bar from the top 
increasing by 2in. 

Thus, upon the first opening the head was 2in. ; upon 
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the second, 4in. ; upon the third, 6in. ; fourth, 8in. : and 
fifth, lOin. The quantity of water passing through these 
openings may be estimated by the velocity due to the 
head upon each, which will be proportional to the square 
root of the head in each case. 

The passages between the bars partake of the character 
of a tube projecting inwards through the side of a tank 
into the body of water — a form which does not facilitate 
the passage of the water through it, but retards it, as com- 
pared with a tube having a rounded mouth, or even with 
a tube having sharp arrises, if tbey form part of the side of 
the vessel. On the other hand, the length of each passage 
is short, being about 4in. On the whole, it is considered 
that a proper co-efficient of discharge is •?, and that the 
quantity in cubic feet per second would be expressed by 

Q=^A X 8 /^ X -7. 
The expression ^ h must be the sum of the square roots 
of all the heights, in feet, thus : 

V'O? + V~^ + V~^ + V"^66 + V83 = 3-41 
and 

Q = 6-75 X i^ X 5-6 x 3-41 X 60 = 798 cubic feet 

per minute. This method of applying water to a wheel 
may be either by means of a gate sliding in the arc of a 
circle by means of rack and pinion, or it may be by means 
of a roll of leather or other web, covering the openings 
and folding downwards, its position at any time corre- 
sponding with the top of the sliding gate in the other 
method. The roll has less friction, and is in some other 
respects preferable ; but the gate is, perhaps, the more 
lasting. 

The same kind of work on another kind of wheel will 
exhibit the difference in effect between a high-breast wheel 
upon which the water is laid without loss of head, and 
upon which it acts with its full weight, or nearly so, and 
a wheel of less diameter than the fall of water, working 
under a pentrough- 
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No 6 has two water-wheels, one 9ft. diameter, 7ft. wide, 
with a head of water in the pentrough of 2" 42ft. ; the 
other wheel is 8 '67 diameter, 6* 60ft. wide, with the same 
head of water. The sluice-opening in the first-named 
wheel is 6 '75ft., and in the other 6 •25ft., and the shuttle 
was drawn 2in. in the one and 2^in. in the other, and the 
quantity of water expended on both wheels was 1,080 cubic 
feet per minute. The fall is lift. 

There were running 6 saw-grinding stones, and 2 
scythe-stones. If the quantity of water expended on the 
high-breast wheel — ^viz. 798 cubic feet per minute — ^be 
multiplied into its fall, 13ft., and divided by the number 
of stones running, 11, the result is 943 cubic feet per 
minute per stone. If the same process be followed in the 
second case, the quantity of water is 1,080 cubic feet per 
minute, the fall lift., the number of stones running, 8, and 

the result is — ^ = 1,485 cubic feet per minute 

o 

per foot of fall per stone running. 

The tilt-hammer is almost an indispensable piece of 
machinery. One of the water-wheels works two of these 
(one at once), and a blowing-machine. The wheel is 9ft. 
diameter, 7ft wide. The sluice-opening is 6'25 x •18ft. = 
1 • 12 sq. ft. The head upon it is 1 • 92ft. 

The quantity of water discharged when one tilt-hammer 
and the blowing-machine are in work may be estimated 
at 1-12 X 5 V 1*92 = 7-78 cubic feet per second, or 467 
cubic feet per minute. The fall is lift., and 467 x 11 = 
5,137 cubic feet per foot of fall per minute. The hammer 
is 2^wt., with a fall of 7in., and makes 250 strokes per 
minute. 

At an anvil-forge the grinding-wheel is 9ft. diameter, 
5 •85ft. wide, overshot ; head of water in pentrough, 3ft., 
sluice opened Ij^in. Total fall of water, 12ft. 

The wheel for the iron forge is 10ft. diameter, 4ft. wide> 
buckets llin. deep, works one hammer with a sluice- 
opening of 4in., 4ft. in length, with a head of 3 • 10ft, 

The shear-steel forge, which works one hammer, is a 
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breast- wheel 12ft. diameter, 3Jft. wide, having buckets 
12in. deep. The sluice-opening is 3 •40ft. long, and 6in. 
wide, with a head of 3* lOft. 

The shearing scrap whedl is overshot, O^ft. diameter, 
4ft. 4in. wide. The sluice-opening is 3in. wide, 4ft. long, 
with ahead of 3 -lOfk. 

Another anvil forge has a breast-wheel 20ft. diameter, 
7 • 17ft. wide. The fall is 13ft. When the following ma- 
chinery is working, the sluice-opening is 1 Jin., the length 
being 7fk., and the head of water 3ft. — viz. blowing cylin- 
ders which supply 18 anvil hearths, 6 smiths' fires, 1 shear- 
steel fiimace, and 1 iron furnace. With the following 
machinery added, the opening of the sluice is 2in. — viz. 
2 slide lathes, 1 planing machine, and 1 drilling machine. 

The anvil-grinding wheel is overshot, 11 • 50ft. diameter, 
6ft. wide. The sluice-opening 5'GOft. long, Ijin. wide, 
the head of water being 3ft; 

Coming lower down the streams into the main rivers, 
the wheels become undershot with larger quantities of 
-water and less height of fell. 

The first exanrple of a forge with this kind of wheel — 
that iff undershot, with the water confined in a close-fitting 
race — is a whedL l^fc. diameter, 6ffc, wide, the centre of 
which is '42^. above the level of a full head of water. 
The head at the time the following trial was made 
was 1ft. below the fall head. There are two forge- 
hammers, one 6cwt. with 16in. fall, the other 4cwt. with 
14inL fall. The present fall of water is 6ft. The sluice 
is 6fL widej and when the 4cwt» hammer is working it is 
drawn lOin. 

Another wheel works two tilt-hammers of 2^wt. (one 
at once), wiih a fall of 7in., and one forge-hammer of 
4cwt., with a fall of 12in. The diameter of the wheel is 
14ft., width ^. 9in. With the present head of water, 
1ft. below full head, the sluice-gate is drawn 9in. to work 
one tilt-hammer. The wheel of another tilting forge is 
13ft. diameter, 5ft. 9in. wide, the centre being •42ft» above 
-the levd of a fall head of water. There are two tilt- 
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hammers of 2jcwt., with a fall of 7 in., making 300 strokes 
per minute. 

At the next works of this kind the wheel is 13Jft. dia- 
meter, 4ft. wide, the bottom of the sluice 1*42 feet below 
the present head ; sluice-opening 4* 50ft. wide ; gate drawn 
8 Jin. for one tilt, and IGj^in. for the forge-hammer, which 
is SJcwt., with 16in. fall, the tilts being each 2cwt., with 
7in. fall. 

Another kind of work is that of a wire-mill. The ma- 
chinery consists of two wire-blocks 20in. diameter, and 
one 24in., and two fans ; also of six grlnding-stones for 
hackle-pins, 2ft. 9in. diameter. The wheel is overshot, 
10 * 68ft diameter, 4 ■ 5ft wide. The sluice-openiDg is 4ft., 
and is drawn Sin., under a head in the pentrough of 
3*75fl^ The quantity of water expended would be — 
4 X -25 X 5 V (3-75) X 60 = 582 cubic feet per minute. 
The fall of watw is 15ft. 
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SECTION XXI. 

Turbines. 

When the height from which water falls exceeds about 
40ft. it cannot be economically applied by way of it& 
weight acting with a moderately slow motion on a single 
vertical wheel of ordinary construction, although a fall of 
80ft. or 90ft. may be utilised on two vertical wheels placed 
one above the other ; not so well, however, directly the 
one above the other, as when placed sideways in the 
manner shown in Figs. 43 and 44. In this arrangement, 
both wheels move in the same direction ; but if one be 
directly over the other, they move in opposite directions. 
Moreover, it is sometimes desirable to work one wheel 
without the other, and in that case also this arrangement 
is convenient, and especially so when there is a side 
stream, high enough to be conducted into a tank over the 
lower wheel, but not into the higher one. The upper 
wheel shown in the diagram is 50ft. diameter, and 6ft. 
wide, the lower one 48ft. diameter and 7j^ft. wide, both of 
wrought iron. In this instance the upper wheel is supplied 
by an 18in. pipe from a reservoir on the main stream, and 
by an arrangement of the sluices and stop-cocks the water 
is turned on to either wheel from the main source. 

But when the fall of water exceeds about 30ft., it is- 
more economically applied by way of its free velocity on 
a smaller wheel, usually placed horizontally, whereby the 
force of the water is diffused over the whole circum- 
ference, requiring, therefore, a smaller diameter; and this 
kind of wheel is suitable to any height of fall, say, from 
3ft. to 300ft., and to various heights in the same place, for 
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if; works in backwater as well as free, and makes effective 
whatever fall there may be for the time being. This is 
an advantage where the quantity of water varies greatly 




TANK 



Fig. 43. 




Fig. 44. 



at different times, as upon a stream where the flood-waters 
are not impounded. The force brought to bear upon these 
wheels is of two kinds — direct pressure and reaction, the 
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reaction being obtained by the liberation of pressure on 
one side of an arm, or of a cell or bucket. 

The fundamental principle of the reaction-wheel is the 
release of pressure on one side of a revolving arm, whereby 
it is driven in the opposite direction with a pressure equal 
to that taken away. Fluid pressure acts in opposite 
directions at the same time, Vith equal intensity in both 
directions; and when the resistances aro less than its 
pressure, it also moves in opposite directions at the same 
time, the velocity in either direction being inversely as 
the resistance ; and if the abstraction of the quantity of 
water, due to the motion in one or both directions, be 
replenished at the head, the motion will be continuous 
under the same head. 




Fig. 45. 

If the vertical pipe or chamber A, in Fig. 45, communi- 
cate with the head-water, and an arm, or two or more 
arms, project from it ; or if passages be made between it 
and a wheel revolving round it, one of the cells or buckets 
of which may be represented by the two opposite vanes, 
B C and D E, with the closed end, C D, the water presses 
with equal force on the two sides, they being of equal area, 
and there is no motion. Neither would there be any 
motion if the end were closed between C and g^ instead of 
between C and D, for the pressure upon the end C </ in the 
direction of the tangents at every point between the two 
vanes is equal to the pressure upon D g only ; and the 
pressures would equally be balanced whatever form, 
whether straight or curved, be given to the vane C ^ E. 

But if an opening be made in one side, as from C to /, 
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that side of the cell would be relieved of the amount of 
pressure due to the area of the opening, the pressure which 
it had before being now transferred to the issuing water, 
and forcing it out with the velocity due to the head, and 
the obstructions to its flow. If there were no such 
obstructions the velocity in feet per second would be 
jj^^h •=^% aJ 'h^'h being the head of water in feet; but as 
there are obstructions in every form of channel, and how- 
ever they may be lessened by good forms, the velocity of 
issue from turbine-orifices will probably in no case exceed 
7 • 5 V ^> considered as that of water issuing from an 
orifice which has no motion of its own. Such an opening 
being made, the vane opposite to it has upon it the pres- 
sure due to the head of water, and would have to be held 
by an external force equal to that which presses out the 
water with the t-elocity I'b aJ h. 

If, at the same time, an opening were made from D to 
^, the water would issue with the same velocity, and if 
the two openings, D g and C /, were of equal area, the 
same amount of pressure would be taken away from each 
side, and the wheel would remain at rest. To prevent 
the issue of water from the opening D g the wheel would 
liave to be turned by an external force acting in that 
direction with a velocity equal to that with which the 
"Water issued when the wheel was at rest, and when that 
orifice attained this velocity there would be no issue from 
it,. because there would be no pressure upon it; but there 
would be twice the pressure upon the opposite one, C /, 
and the water would there issue with twice the velocity 
due to the head when the orifice was at rest ; so that when 
the wheel moves in one direction with the velocity due to 
the head of water, and the water issues from the orifice in 
the opposite direction with the same velocity, the virtual 
velocity of the water is twice that due to the head. If, 
for instance, the head were 16ft., the velocity would be 
7 '5 V 16 = 30ft. per second — assuming it for the moment 
to be the utmost possible ; but if, at the same time, the 

2 
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orifice itself be moved in the opposite direction with the 
same velocity, its motion must be added to that due to the 
head upon the orifice, producing in the issi^ng water a 
virtual velocity of 60ft. per second. 

I'he inherent power of a head of water, however, could 
not produce and maintain continuously this double velo- 
city by its steady pressure merely. All it could do con- 
tinuously would be to produce a velocity through the 
orifice in one direction of 30ft. per second, and 15ft. in 
the wheel carrying the orifice in the opposite direction. 
This pressure, which call p, is released from the wheel at 
C/, while it continues to act upon D g. But although 
this pressure exists upon D g when the wheel begins to 
move, the head of water cannot maintain it with any 
velocity. The pressure begins to diminish when the wheel 
begins to move, until, if it were to move with the velocity 
due to the head of water, which call t?, there would be no 
pressure at all upon the vane. Between these two ex- 
tremes, of pressure on the one hand and velocity on the 
other, there is a certain mean which can be maintained by 
the head of water, and under which condition the momen- 
tum will be the greatest possible, that is when half the, 
maximum pressure, or \ p, acts with half the maximum 

velocity, or J v, the momentum then being ?-- . 

When the velocity of issue from C/ is 30ft. per second 
in a state of rest, and the wheel moves with a velocity of 
15ft. per second in the opposite direction, the virtual 
velocity of the water through the orifice is 45ft. per second, 
two-thirds being due to the direct pressure upon the 
orifice, and one-third to the reaction of the opposite vane 
upon it, and the quantity of water expended is increased 
in the same proportion. If, for the sake of symmetry 
and uniformity of motion, a corresponding opening in the 
opposite direction be made in an arm on the opposite side 
of the supply pipe A, the combined areas of the openings 
multiplied into the velocity of the water would represent 
the quantity of water expended. 
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But no account is here taken of the centrifugal force 
wliich acts upon the water, and upon the vanes of the 
wheel through its medium. It would appear to be equal 
in effect to the force of reaction, for reaction wheels move 
with a velocity twice that due to the head of water, when 
perfectly free to move in a direction opposite to that from 
which the water issues. The original form in which the 
principle of reaction of hydraulic pressure was applied to 
wheels was that of two straight arms attached to a central 
vertical pipe, the 
whole revolving 
together. That 
was the invention 
of Dr. Barker. 
Mr. Whitelaw 
adopted the same 
principle on 
larger wheels, 
varyingthe forms 
of the arms to 
spiral curves, as 
shown in Fig. 46, 
and making them 
revolve round the 
central pipe in- 
stead of being at- 
tached to it, and 
also relieved the bearing of the upright shaft from the 
weight of the water, by introducing it underneath the 
arms. Mr. Whitelaw made many experiments with 
Barker's straight arms, curved merely at the ends in the 
direction of the flow of water, introducing the water, 
however, underneath* The object of the experiments was 
to ascertain the percentage of useful effect of this kind 
of wheel. One of these experiments shows the velocity 
of the wheel, taken at the centres of the orifices, to have 
been 38ft. per second when the wheel was unloaded. 
Taking the stated quantity of water expended in a 
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minute, and the given areas of the orifices, the virtual 
velocity of the water must have been 40ft. per second. 

In this experiment the wheel was running free. The 
water issued with the velocity 40 — 38 = 2ft. per second, 
being the difference between the virtual velocity of the 
water as deduced from the quantity given and the ob- 
served velocity of the wheel ; and it may be assumed that 
if in this experiment the wheel had run perfectly free, 
the velocity would hs^ve been 40ft. per second, or twice 
that due to the head of water. But there is the im- 
portant difference that the water would not, in fact, have 
issued with that velocity under the same head from an 
orifice at rest. The head was 8ft., and at the utmost the 
velocity from an orifice at rest would not have been more 
than 7'5 V^ = 21ft. per second. But it could not have 
been in this case so much. The virtual velocity of the 
water is found to have been 40ft. per second, which was 
a double velocity, the wheel running free, and without 
resistance; that is, it would have had a speed of 40ft. 
per second if there had been no resistance at all, instead 
of the 38ft. which it had in feet. One-half of this velo- 
city, or 20ft. per second, is that due to the head of 
water, the issue taking place from an orifice at rest. 
Dividing this velocity by the square root of the head, or 

the co-eflScient is found to be 7*07, and it agrees 

with those which have been found by experiments under 
other circumstances on analogous forms of opening. 

In respect of a loaded wheel, the mean of 14 experi- 
ments on the percentage of useful effect was 74 per cent. 
The average velocity of the wheel in these fourteen ex- 
periments was 22 • 5ft. per second, and the virtual velocity 
of the water 30ft. per second, as deduced in the manner 
befo.re stated. The difference, or 7 • 5ft. per second, would 
be the actual velocity of issue from the orifices. 

With water stored, there are many businesses which 
might be carried on within a few miles of the reservoirs 
by means of turbines ; industries created, as it were, and 
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where all engaged in them might live in an atmosphere 
free from smoke. The economic conditions of trade and 
employment are, on the whole, far too large a subject to 
be entered upon here ; but it may at least be said that, so 
far as they go, and their capabilities can bo developed, 
these water sources of power form sound and firm bases 
of industry, whether of new ones or of transfers from 
overcrowded localities, which have no other source of 
power than coal. 

Wherever a turbine may be used, the two chief con- 
ditions which will determine its dimensions and power 
are the quantity of water per second and its pressure. 
The quantity per day of 24 hours will be, probably, the 
one directly derivable from the data. In some instances 
the night water may be stored where it is used, in others 
it may better be stored in the main reservoir, and given 
out during 12 or 14 hours a day. However that may be 
in different cases, the quantity here to be referred to is 
that due to the working time per second. 

A turbine, unlike a vertical water-wheel, takes its 
supply of water at the end instead of at the beginning of 
the fall. The end may be immediately under the head- 
water, with no greater length of supply pipe than the 
height of the fall, in which case the pressure will be very 
nearly that due to the whole height ; or the turbine may 
be at a considerable distance from the head-water. In 
the latter case, the available pressure will be reduced by 
as much as is due to the head of water required to deliver 
the given quantity through the pipe, according to ita 
length and diameter, taking into account also its degree 
of straightness, for frequent and abrupt changes of direc« 
tion in the flow of water materially increase that portion 
of the head required to deliver a given quantity at the 
end of the pipe, leaving so much the loss available as 
useful pressure. 

Whatever be the necessary deductions from the " fall " 
on these accounts, the available head under which the 
turbine will work willbe that remaining after these 
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deductiona have been made, constituting the immediate 
head-water, whether it remain in the closed pipe, or be 
delivered into an open reservoir or chamber immediately 
above the turbine. In the latter case the height between 
the two surfaces of the water above and below the turbine 
is the working head, and is, in all cases, the " head *' here 
referred to ; and as pressure is proportionate to the height, 
it will be considered as so many feet of water in vertical 
height. The velocity with which water- under a given 
head issues from an opening is the same, whatever be the 
size of the opening. It would be the same as that of any 
heavy body falling freely through the same height, but 
that the necessary changes of direction which it must 
undergo in passing through outward-flow turbines retard 
ifs velocity by about one-tenth part. Through any form 
of opening whatever, that is to say, through one formed 
in the most favourable way for the free issue of the water, 
the velocity is retarded by about one-fortieth part, and it 
is this actual velocity, and not one due to a freely-falling 
body, which should be taken as the standard with which 
to compare the experimental velocities through turbines 
of different kinds. The velocity in feet per second of a 
body falling freely from a height ^, in feet, is Sv'^ ; but 
for water, under the circumstances just referred to, it is 
I'S/s/h, These forms of opening, however, are not those 
practically made, and through these the retardation of 
velocity is about one-sixteenth part, which would reduce 
it to 7 • 5 //A. The forms of these openings approximate t«> 
one through which the water would flow without con- 
traction, and are, perhaps, as near to that form as can be 
adopted in practice. But there are, in outward-flow 
turbines, further reductions to be made, which make the 
whole amount about one-tenth of the velocity of a freely- 
falling body, and the velocity is in this case expressed by 
7*2VA. It is usual to assume, as a standard of com- 
parison, that the theoretical velocity of water, issuing 
from an opening under a given head, is the same as that 
of any heavy body falling freely through the same height, 
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whicli would be 8//^, or more properly Aj2gh wtere g is 
the force of gravity = 32. This being assumed, the 
velocity represented by 7'Sj^h would be that due to a 
head 5 per cent, less than the actual head when the 
formula j^2gh=:v is adopted, and it is called loss of 
head. By the same standard 7'2/^h would imply a loss 
of head of 19 per cent., or 14 per cent, more than the 
** loss " in the first instance, which, however, hardly seems 
properly to be called a loss, if it never existed. 

But by the usual standard the loss of head duo to the 
hydraulic resistances of outward-flow turbines seems to 
vary from 14 to 20 per cent., and in taking 19 per cent, it 
would seem that a sufficient allowance is made for all the 
hydraulic resistances combined ; and in this is included 
also the < leakage between the fixed and movable parts of 
the turbine. The turbine consists essentially of a wheel 
with a hollow rim, across which are placed, at certain 
distances apart, curved vanes to receive the pressure of 
the water on their concave sides, and the angle at which 
they are placed across the rim varies accordingly as the 
water acts chiefly by direct pressure or by the pressure of 
reaction. In the outward-flow turbine the water issues 
horizontally all round the bottom of a cast-iron pipe or 
chamber, in which guide-blades are set, so as to conduct 
the water into the rim of the wheel at the proper angle, 
and it escapes through the outer circumference of the 
wheel. The rim is connected across underneath to the 
central upright shaft, which drives the machinery, by 
a strong disc of cast iron, the supply-pipe, or chamber, 
and the fixed guide-blades being suspended from a frame 
above, and hanging within the revolving wheel, and 
clear of the disc beneath, by which means (the method 
of M. Fontaine) the weight of the water and the chamber 
is taken off the bearings, and the shaft-friction much 
reduced. The revolving upright shaft is kept from the 
water through which it passes by being inclosed in a pipe, 
which supports the whole machine. For low falls of water 
the top of the supply-chamber is open, but for high falls 
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the top is closed, and the shaft passes through it In one 
case the water is delivered into an open reservoir or 
chamber immediately above the turbine, in the other the 
turbine works at the end of a closed pipe, which is under 
pressure all the way from the head-water, which may be 
at a considerable distance from the position of the turbine. 

The available head of water, however, which produces 
the velocity before mentioned, is almost as easily ascer- 
tained as if it were immediately above the turbine. With 
the reservations named above, nothing can alter the 
velocity with which water issues from an opening under 
a given head. If the area of the opening be too large in 
proportion to the quantity of water, the head will fall ; 
if it be not proportionately large enough, the head will 
rise, until an equality is established ; it will rise, that is 
to say, if confined in a pipe, and it will of necessity either 
rise or spread out laterally. The main object is to 
transmit to the wheel as much as possible of the motion 
obtained. The driving power of the turbine is measured 
by the difference between the pressure of the water due 
to the head and its pressure at the point of egress. The 
motion of the water is an absolute quantity, to which that 
of egress and that of the wheel are together equal. 

If pressure on tlie egress orifices of the wheel be wholly 
taken away, as it is when the orifices move with a velocity 
twice that due to the head of water, considered as the 
velocity due to that head when the orifice is at rest, then 
the whole nu)tion is transferred to the wheel ; but if the 
water issue from the wheel with any velocity — that is, if 
the velocity of the water be greater than that of the 
wheel — the pressure causing that velocity of issue is to be 
deducted from the pressure due to the head, before the 
useful effect of the power can be found. If,^ for instance, 
the velocity of egress were one-fourth of that due to the 
head, or 1*8^^^, the loss of head on this account would be 
6^ per cent. If the velocity of egress be a little less than 
one-fourth, so that the loss of head be exactly 6 per cent., 
there would be, with the 19 per cent, before mentioned. 
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25 per cent, of the power expended before any work was 
done. But there is yet another source of loss of power, 
viz., the friction of the upright shaft in its bearings, for 
which, perhaps, 2 per cent, may be added, making in all 
27 per cent, of the power expended, the useful effect of 
the turbine being in this case 73 per cent. But this is 
not so much as has been found to be the useful effect of 
many outward flow turbines, both in this couulry and 
abroad. 

In one of the " Abstracts of Papers in Foreign Trans- 
actions, &c.," of the Institution of Civil Engineers, is an 
abstract of an investigation into the maximum efficiency 
practically attainable in the three chief kinds of turbines 
— viz., outward flow, parallel flow, and inward flow, by 
J. C. Bernhard Lehmann, from experiments with thirty- 
six turbines of all sizes, from 1 to 500 h.p., madei in order 
to ascertain the shaft friction, from which it appears that 
the percentage of total available power lost by hydraulic 
resistances was 14 per cent. ; by unutilised energy carried 
away in the issuing water, 7 per cent. ; shaft friction, 
both in the foot- step and bearings, 2 per cent., or a total 
loss of 23 per cent., and therefore a possible efficiency of 
77 per cent. In another '* abstract " of a paper by Prof. 
Kichelmy, it is estimated, from many experiments, that 
the actual amount of the loss of head in the bupply cham- 
ber, before the water has issued into the wheel, is between 
five hundredths and eight hundredths of the head, accord- 
ing to circumstances in different cases. It is assumed 
that the form of the opening leading from the central 
supply chamber to the wheel revolving around it is the 
most favourable for the free issue of the water, and that 
it issues from the supply chamber into the wheel cells 
without contraction ; and, therefore, the diminution ought 
to be attributed to a lesser velocity of efilux, due no longer 
to the head, but only to this multiplied by the square of 
• 92 or of • 95, or by the square of a number intermediate 
between these two, which is a loss in the supply pipe or 
chamber of from 10 to 15 per cent, of the head and of the 
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energy of the water, and is the same form of loss as that 
which has been stated as 12 per cent, of the head, the 
actual velocity being 7*6 fjh. 

Fig. 47 is a plan, and Fig. 48 a section of the essential 
parts of an ontward-flow turbine. One of the principal 
points to be considered is the working velocity of the 
wheel. Mr. Cullen, an Irish millwright and engineer, 
states in his treatise on the turbine that he has found by 
experience that the most effective speed of the inner cir- 
cumference of the wheel is 4*4 fj\ when the head does 

not exceed 38ft. For 
high falls his ex- 
perience is that the 
cube root of the 
height should be 
taken and multiplied 
by 8-1. Thus, the 
velocity of the inner 
circumference of the 
running wheel for 
high falls \%%*\^%. 
These velocities, Mr. 
Cullen says, produce 
the greatest amount 
of moving power, 
and are about two- 
thirds of the velocity 
of the water on its entering the wheel. According to Mr. 
Cullen's rules, the diameter A B in the sketch should be = 

/J^ + •!, where Q = the quantity of water in 

cubic feet per second, and A the head in feet. Thus, if 

Q = 40, and h = 30, the inner diameter of the wheel 

would be 3fr. Sin. 

The number of buckets he gives as N = 3 d -f 28, d 

being the inner diameter as already found. Then the 

55 d 
width of the buckets, B D on the sketch, should be -=^^ 




Fig. 47. 
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Applying these rules to the case stated, the number of 
buckets would be 39, and the width 5in., so that, adding 
lOin. to 3ft. Sin., the outer diameter would be 4ft. Gin. 
The height of the buckets would be 4in, The velocity at 
the inner circumference would be 24ft. per second, and at 
the outer circumference nearly 30ft. per second. Com- 
paring these with the rules in Molesworth's pocket-book 
of engineering formulsB, there is a little difference. The 
inner diameter would be about the same, but the outer 
diameter would 
be 5ft., and the 
velocity at the 
outer circumfer- 
ence would be 
36ft. per second. 

Mr. D.K. Clark, 
in his * Bules, 
Tables, and 
Data,' gives rules 
(p. 941) for the 
dimensions of out- 
ward-flow tur- 
bines, which agree 
nearly with Mr. 
Cullen's, except 
in the diameters, 
inner and outer. 
By Mr. Clark's 
rule for the 




Fig. 48. 

exterior diameter," it would be, in the instance men- 

as stated, F being the " actual 

Now, if in the above in- 
stance we take the actual horse-power of the turbine to be 
75 per cent, of the power of the water, that is, 40 cubic 

feet per second falling 30ft., P would 102, for ^^ ^ ^^ 

0*0 

= 3- 82ft. for the 



tioned.D = 4-85^^ 
horse-power of the turbine." 



X -75 = 102, and 4-85 a^ 



102 
30 V30 
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" exterior diameter," which is only abont 2in. more than 
the interior diameter should be, by Mr. CuUen's rule, and 
also Mr. Molesworth's. But if in Mr. Clark's rule we 
read D = interior diameter of wheel, instead of " exterior," 
the rule would agree nearly with the other two men- 
tioned. 

It is evident that water descending in a vertical pipe, 
or chamber, need not necessarily flow out of it hoiizon- 
tally, as in the outward-flow turbine, but that by placing 
the wheel across the upright pipe, or chamber, the water 
may continue to have its general direction vertical, and 
parallel with the axis, its direction for part of its descent 
only — that is, the part occupied by the depth of the 
wheel — being horizontal, or partaking of a horizontal and 
vertical motion combined, the water being finally de- 
livered into the tail-race in a nearly vertical direction, 
on the underside of the wheel, being received into the 
buckets or cells on the top side of the wheel, and being 
guided into them by blades fixed in the bottom of the 
pipe or cylinder, and bent in a direction tangential to 
the circumference of the wheel. Thus the guide-blades 
at the bottom of the fixed cylinder occupy an annular 
space beneath which the buckets of the wheel revolve. 

This kind of wheel is perhaps not quite properly to 
be called a turbine at all, but simply a horizontal wheel ; 
nevertheless, it is convenient to classify it as a turbine, 
and to distinguish it as having a parallel flow. It is 
the principle on which are constructed those called 
Jonval, Fontaine, Henschel, Koecklin. Fig. 49 repre- 
sents a development of part of the circle through the 
middle of the buckets of the wheel, vei-tically. On this 
line, the angle which the direction of the water, on its 
leaving the guide passages, makes with the horizontal 
face of the wheel is between 14° and 20°, varying accord- 
ingly as the water acts on the vanes by pressure or by 
reaction. In the former case the proper angle for the 
guiding passages of an axial turbine is stated to be 
14° 30' in a paper on the theory and construction of tur- 
bines, by Professor Fink, translated in the •* Abstracts of 
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Papers in Foreign Transactions, &c.," of the " Minutes of 
Proceedings of the Institution of Civil Engineers, 1878." 
That angle is taken at the mean radius of the wheel, or at 




the distance from the axis which is a mean between the 
inner and outer radii ; but at the circumference the angle 
is to be reduced to 12° 20'. In a reaction turbine the 
angle of the guide passages is 20° at the line of mean 
radius, and 17° 10' at the outer circumference. . . 

In the diagram, the distance a 6 is the distance apart 
of the vanes of the wheel, which depends upon the ntimber 
of buckets for any given diameter. According to. the 
instructions of Prof. Fink, the number of buckets ^r 
pressure turbines should be 30 ^^D, taking D, the diameter 
of the wheel, in metres; and for reaction wheels the 
number should be 18 aJI^. These would be, if the dia- 
meters were taken in feet, 16| aJ^^^xA 10 VA respec- 
tively. Thus, for a reaction wheel 6ft. 8in. external 
diameter, the number of buckets might be 24, and the 
vanes lOJin. apart at the outer circumference of the 
wheel. A good proportion between the outer and inner 
diameters is said to be 1 to '7; so that if the outer 
diameter were 6ft. 8in., the inner one would be 4ft. 8in., 
and the mean radius 2ft. lOin. 
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The curve of the wheel vanes may be drawn from 
Weisbach's instructions, given in Fairbairn's " Millwork/' 
thus: — The distance a & in the diagram being the di.<- 

tance between the vanes, = -.j= — =: -p^ which 

Number of vanes, 

evidently gives the same result as before, being the cir- 
cumference divided by the number of vanes. ** The angle 
hac may be from 16° to 20^ Draw & c c{ at right angles 
t) ac. Let A be the angle hac and B an angle taken 
arbitrarily at 1 00° to 110°. Lay off the angle d cf equal to 

— X — . Mark cf in the middle of its length, and draw 
2 

c d at right angles to c/, cutting the other line in d^ or 

lay off the angle dfc equal to the angle d cf. From the 

centre d draw the curve of the vane with radius d c or 

df to which the straight part of the vane a c will be a 

tangent." Thus, if the angle B be taken at 105°, and 

A at 15°, the angle dcf would be ^^ + ^^^ = 60°. In 

this case the angle c df would also be 60°. The rule of 
Professor Fink for the two radii of the wheel is, for 

the outer one **R = '85 ./-=-, Q being the quan- 
tity of water expended in cubic feet per second, and 
h the height of the fall in feet; and for the inner 
radius r = •? B." Thus if the quantity of water 
be 48 cubic feet per second, and the fall 10ft., 

R= .85^/-tL.= -85 X 3-9 = 3-32ft., or say 3ft. 4in., 

and the inner radius = 3-32 x •7 = 2-32ft., or 2ft. 4in. 
The effective power of such a turbine would be 40 horse- 
power, for it may be taken that an efficient working power 
of 73 per cent, of the whole power of the fall of water 
would be produced by a good turbine, whichever form of 

8*8 
construction be adopted, and -^^ =12 cubic feet per 
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second, falling Ift. to produce 1 effective horse-power, and 

This kind of turhine is snitahle for low falls, and the 
admission of the water to the guide passages is, in some, 
regulated by lowering into the mouths of the guide pass- 
ages wedge-shaped stops, so as to partially close the 
mouths, and diminish the quantity of water entering the 
wheel. In others the quantity passing through the wheel 
is regulated by a throttle- valve across the cylinder below 
the wheel, and sometimes merely by a sluice at the head, 
admitting more or less water to the cylinder. But when 
regulated by a throttle-valve below the wheel, or by stops 
in the mouths of the guide passages, the operation can be 
made self-acting, and a constant head maintained, more 
easily than when the regulation is effected at the head. 

If a tube be formed below the wheel, airtight, having 
its lower end under the surface of the tail water, the 
wheel may be placed at any height above the tail water 
within 28ft. or so; that is, at such a height that the 
pressure of the atmosphere on the surface of the tail water 
shall be so much in excess of the weight of water in the 
tube below the whfeel as to preserve the continuity of the 
water- column between the tail water and the head water; 
for although the water may have passed through the 
wheel at a height of 28ft. or so above the tail water, yet 
its tendency to fall away from the water above the wheel, 
and so to produce a vacuum, brings into force the un- 
balanced pressure of the atmosphere upon the head water ; 
and the effect upon the wheel is the same as if it were 
placed at the level of the tail water, and had the whole 
head of water above it. With such a draught-tube 
attached, this kind of wheel is suitable for moderately 
high falls. 

The maximum efficiency practically attainable in 
parallel-flow turbines, after deducting the various forms 
and amounts of loss, is as follows, according to the experi- 
ments of Mr. Lehmann before referred to, viz, : — " Hydrau- 

P 
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lie resistanoes, including leakage, between the running 
wheel and the guide-blades, 12 per cent. ; loss by energy 
carried away in the issuing water, 3 per cent.; shaft 
friction, both in the step and bearings, 3 per cent. ; or a 
total loss of 18 per cent., leaving a possible efficiency of 
82 per cent." But we do not know that the proportional 
dimensions and angles of direction of the guide passages 
and wheel vanes in the turbines experimented upon by 
Mr. Lehmann were the same as those above mentioned. 

When the quantity of water being used is exactly that 
for which the dimensions of fixed openings of guide pass- 
ages are made, then the best percentage of useful effect 
will be obtained ; but when stops are introduced to regu- 
late the quantity of water entering the wheel, whether 
they be placed in the mouths of the guide passages or at 
their ends, the flow of water does not take place in the 
most favourable direction, and the efficiency of a given 
quantity of water and height of fall is diminished. The 
efficiency of a Fontaine parallel-flow turbine when fully 
charged is, according to Mr. Clark's ' Eules, Tables, and 
Data,' 70 per cent. ; but when the quantity of water is 
shut off to three-fourths by the sluice, the efficiency is 
only 57 per cent. ; and the efficiency of a Jonval turbine, 
which is also a parallel-flow turbine, with a full charge is 
72 per cent. For this wheel Mr. Clark gives as the best 
velocity for the outer circumference, 70 per cent, of that 
due to the fall, which would be •7V2(7A = 5*6 V^ 
For the Fontaine turbine he gives as the best velocity at 
the mean circumference of the wheel, 55 per cent, of that 
due to the height of the fall, which would be • 55 .y/~2gT= 
4*4: A^ h. If the proportion of the lengths of the two cir- 
cumferences, inner and outer, be taken as before at '7 tg 1, 
and therefore the mean circumference as • 85 to 1 of the 
outer one, the velocity of the outer circumference corre- 
sponding to 4*4 // ^ at the mean radius would be 5 • 17 //1l 
For a Foumeyron turbine, which is an outward-flow tur- 
bine, the efficiency is given as 79 per cent, with a full. 
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supply of water ; but only 24 i)er cent, when the ends of 
the guide passages are so reduced in sectional area as to 
pass but one-fourth of the full supply ; and the best velo- 
city for the inner circumference of the wheel is stated to 
be 4*49 //h, Mr. CuUen, who treats of the outward-flow 
turbine in his treatise on turbines, recommends, from the 
results of his own practice, a velocity of 4*4 V ^ for the 
inner circumference where the fall does not exceed 38ft. ; 
but for high falls 8 • 1 ^X 




Fig. 51. 

In another kind of turbine, the inward-flow, the water 
enters the wheel at its outer circumference. Fig. 50 is ^ 
plan, and Fig. 51 a vertical section of Schiele's turbine. 
It partakes of the character of both an inward and a 
parallel-flow, inasmuch as the water enters the wheel at 
its outer circumference, and is discharged upwards and 
downwards, parallel with the axis, or nearly. A whirling 
motion is given to the water before it enters the guide 
passages, by placing the wheel more to one side than the 

p 2 
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other of the casing inclosing the turbine, and making the 
form of the casing spiral. The direction thus given to 
the water from its entrance into the casing to its place of 
delivery into the wheel, being a gradual change of direc- 
tion, obeys the law which should be observed in all water 
passages — that of avoiding abrupt changes of direction — 
and the water is delivered into the wheel vdth the least 
possible diminution of velocity and loss of head. 

It may be observed that there is a division of the 
buckets near the middle of the depth of the wheel, and 
that there is a separate set of cells or buckets on each side 
of it, the water escaping upwards from one and down- 
wards from the other ; and b}' making the division a little 
below the middle of the depth of the wheel, more water is 
admitted above the division than below it, and the motion 
of the greater quantity being upwards, on its passage 
through the wheel, eases off the weight from the footstep, 
so that if the two divisions be properly proportioned there 
will be no pressure at all on the footstep. The difference 
between the upward and downward pressures of the water 
is, of course, transferred downwards to the fixed rim and 
its supports. It is convenient to do this to prevent wear 
of the footstep ; but of course whatever power is required 
to ease off the weight from that bearing must come out of 
the power of the fall of water, and adds so much to the 
hydraulic resistances. Where the fall is considerable the 
wheel may be placed vertically, and the shaft lie horizon- 
tally, without intermediate gearing. In this arrangement, 
the water, as it leaves the wheel on both sides, is conducted 
by a pipe to the tail stream, and the wheel may be placed 
at any height above the tail stream, within about 30ft. 
Thus, in high falls, the water may be conducted both to 
and from the turbine in a cast-iron pipe. The foot of the 
pipe, which conveys the water away from the ttirbine, is 
turned horizontally, and in this short length of horizontal 
pipe a valve is placed to start and stop the turbine, worked 
by a rod ftrom above. 

In the inward-flow ttirbine, proper, the water enters at 
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its outer circumference, where the velocity of the wheel is 
greatest, and escapes near its centre, where it is least, 
and this accordance tends to prevent shock on the entrance 
of the water into the wheel. The general direction of the 
water, being towards the centre, is opposite to that in 
which the centrifugal force of the water acts. The height 
of the column of water which produces a pressure equal 
to that of the centrifugal force of a mass of water proceed- 
ing from itself is exactly that height which produces the 
velocity with which it moves, and the pressure produced 
Ly the centrifugal force and that which produces the 
velocity, taken together, are equal to that of the whole 
head of water. 

If these two pressures — the pressure of the centrifugal 
force and that due to the velocity of the water — ^be un- 
equal, the motion will not be uniform ; it will attain 
uniformity only when the two pressures are equal to each 
other — ^that is, when the pressure of the centrifugal force 
is that of half the head of water, the other half producing 
the velocity with which the water issues ; and the effect 
is the same as would take place if the issue of water from 
an orifice at a given depth below the surface had upon it 
on the opposite side a head of water equal to half the 
whole head. In the turbine, this half of the pressure is 
transferred as pressure upon the vanes of the wheel. The 
proper velocity of the outer circumference of an inward- 
flow turbine should, therefore, be determined on this 
principle — that is, it should be 



V" 






The vortex wheel of Professor James Thomson is an 
inward-flow turbine, and he first called attention to this 
principle of the equalisation of the two forces. In the 
vortex turbine the guide-blades which give the water the 
proper direction into the wheel are fixed when the quantity 
of water is constant ; but when it is variable the guide- 
blades are made to turn on pivots nrrg: tlmirmiinw ends, 
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so as to vary the width of the openings which admit water 
to the wheel. Four of them are considered sufficient, and 
sometimes even a less number. Fig. 46 represents a plan 
of a wheel, showing a great number of vanes ; but only 
alternate ones go through from the outer to the inner 
circumference. It is desirable to have many vanes in this 
and all other turbines, but at the same time not to bring 
them too near each other at any point. According to a 
published statement by Messrs. Williamson, of Kendal 
(the makers of these turbines), they have been applied to 
many different heights of fall, varying from 4ft. to 247ft. 

The " centre vent " 
American turbine is 
on the principle of 
inward flow. Mr. 
Hett, of Brigg, who 
follows the same 
principle in his tur- 
bines, with his own 
improvements, in a 
published statement 
of the proper sizes 
for various heights 
of fall and quantities 
of water, appears to 
make the velocity of 
the outer circumfer- 
ence about 5*66 aJ\ 
taking an average of all diameters, and all heights of 
fall ; but the velocity varies a little with both the diameter 
and the fall. Mr. Kell, of London, in a published state- 
ment of the same particulars concerning the "Victor" 
turbine, which is likewise on the inward-flow principle, 
and of American manufacture, appears to make the 
average velocity for all heights of fall and diameters of 
wheel about 6-26 ^h. Mr. J. B. Francis, C.E., found, 
from experiments upon a central- vent turbine, that an 
efficiency of -797, or nearly 80 per cent., was obtained 
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^vllen the velocity of the outer circumference was 
•64 j/2gT =■ 6*14 V^ ^^^ ^** *^is efficie ncy was also 
obtained when the velocity was -TOS a/2 gh = 6*68 V ^« 
The average velocity of all the high efficiencies of 78 to 
79 per cent, of the power expended was '65 j/2gh 
= 5-22 a/E 

The explanation of the effect of the opposing centrifugal 
force, alluded to above, stated by Professor James Thomson, 
the inventor of the "vortex" wheel, is that "by the 
balancing of the contrary fluid pressures due to half the 
head of water, and to the centrifugal force of the water in 
the wheel, combined with the pressure due to the ejection 
of the water backwards from the inner ends of th^ vaneS 
of the wheel when they are curved, only one-half of the 
work due to the fall is spent in communicating vis viva to 
the water, to be afterwards taken from it during its 
passage through the wheel; the remainder of the work 
being communicated through the fluid-pressure to the 
wheel, without any intermediate generation of via viva. 
.... On any increase of the velocity of the wheel, the 
centrifugal force increases, and so checks the water 
supply; and on any diminution of the velocity of the 
wheel, diminishes, and so admits the water more freely." 

The truth of this principle was supported by the late 
Professor Eankine as follows : — " The action of centrifugal 
force in the regulation of the pressure within the wheel is 
of the following kind: It is favourable to economy of 
power that the effective pressure, immediately after 
entering the wheel, should bear a certain definite propor- 
tion to the effective pressure in the supply chamber, not 
differing much in any case from one-half. The centri- 
fugal force of the water, which whirls along with the 
vortex-wheel, tends to preserve at its circumference the 
very pressure which is most favourable to economy of 
power ; and the centrifugal force of the two discs of water 
contained between the wheel and the two shields or covers 
of the wheel-chamber prevents that pressure from making 
the water leak out between the wheel and the casing." 
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Another kind is the "Swain" turbine, an American 
one, reported upon in the * Journal ' of the Franklin In- 
stitute, April, 1875, by Mr. J. B. Francis, C.E., who made 
146 experiments with this wheel. The direction of tho 
water in its passage through the wheel is first inwards 
and then downwards. The discharging edge of each 
bucket is vertical in the upper pai-t, parallel with the 
axis ; but the lower part is curved, with a radius equal to 
one-fifth of the diameter of the wheel. 

A scientific account of the action of water on turbines 
was given by Professor W. C. Unwin, in a lecture on 
Water Motors, at the Institution of Civil Engineers in 
March, 1885. 



( 217 ) 



SECTION XXII. 

Domestic Water-supply. 

Whether the gallon or the cubic foot is the better unit of 
measurement of small quantities of water depends to a 
certain extent on the purpose of its use, and it may be 
convenient sometimes to have the quantity in gallons 
because of the lesser magnitude of the unit ; but for large 
quantities, such as the capacities of storage reservoirs, 
there is not so wide a difference in the respective magni- 
tudes of the unit as to make one very much more con- 
venient than the other. There is some advantage in 
reckoning the quantity for domestic purposes in gallons, 
because the supply can be subdivided into gallons for 
each of several usee. It is indeed usual to state the 
supply for all purposes in a town in gallons per day 
per head of the population, as, for instance, 20, 30, or 
40 gallons, instead of the corresponding quantities of 
3*2, 4*8, or 6*4 cubic feet; but the number of gallons is 
a derived quantity, not an original one. Eeservoirs and 
gauges, measured in fe<dt, have shown that a certain 
number of cubic feet have been supplied to a town in a 
known period of time, the quantity per head varying in 
different towns with its trade and other circumstances; 
and when it is said that, for instance, 25 gallons per head 
per day are requisite, that is derived from the fact that 
for populations of similar requirements, and where the 
means of distribution are similar, the supply to the town 
has been at the average rate of 4 cubic feet per day per 
head of the population. 

Assuming this to be an average supply, it may be 
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divided into the separate uses as follows. The different 
quantities are derived from various sources, and some of 
them modified from the originals, so that the statement 
becomes an estimate, merely, of approximate averages; 
but it is believed to be one, nevertheless, which is suffi- 
ciently near to have the value of an approximate esti- 
mate. 

GENERAL DOMESTIC FUBP08ES. 

Gallons per bead 
per day. 

Drinking ..* J\ 

Cooking *. i 

Washing — Persons 3 1 

„ Clothes 3\ 

„ Utensils ' 

„ Floors I 

„ Walls, doors, and windows i 

„ Paved yards \ 



10 



Water closets 
Baths .. .. 
Qardens 



EXCEPTIONAL DOMESTIC USE. 

100 where used; say, used by 1 in 20 
of the population ; average 5 



PARTLY DOMESTIC, PARTLY TRADES USES. 

Offices .. ..1 

Animals . . . . I 100 where used ; say, used by 1 in 50 
Carriages . . . . j of the population ; average . . 
Brewing at home; 

TRADES CSES. 

Slaughterhouses 

Breweries 

Manufactures 

Boilers of steam engines 

Warehouses 

Public buildings, including hospitals and workhouses 
Public baths 



PUBLIC USES. 



Street watering 
Flufthing sewers 
Fires .. .. 
Fountains .. 



Total 



25 



A domestic supply must, of course, be ** pure and whole- 
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Bome;" but with respect to the first of these requirements 
the qualification must be understood in a limited sense, 
for there is no "pure** water to be had on even a mode- 
rately large scale, either by collection from the surface 
and from minor springs in the upper parts of valleys, or 
from rivers in the middle and lower parts. In flowing 
off the surface, it gathers organic matter, and in running 
through the ground and issuing in springs it gathers 
mineral matter, and it often, in fact, contains both these ; 
but it would be no advantage to collect it in the form of 
rain. 

Dr. B. A. Smith remarks, in *Air and Eain,' that 
the rain from the sea, in the western islands, contains 
chiefly common salt; that rain contains sulphates in 
larger proportion to the chlorides than is found in sea- 
water; that the sulphates increase inland before large 
towns are reached ; they seem to be a measure of the pro- 
ducts of decomposition, the sulphuretted hydrogen from 
organic compounds being oxidised in the atmosphere; 
that the sulphates rise high in large towns because of 
the amount of sulphur in the coal used, as well as of de- 
composition ; that as sulphuretted hydrogen and sulphide 
of ammonium oxidise in the atmosphere, the sulphates 
may be expected to increase in proportion to the amount 
of decomposing organic matter containing sulphur, such 
as albuminoid compounds ; that when the sulphuric acid 
increases more rapidly than the ammonia, the rain 
becomes acid ; that when the rain has so much acid that 
2 or 3 grains are found in a gallon of the rain-water, or 
40 parts in a million, there is no hope for vegetation in 
fk climate such as we have in the northern parts of this 
country ; but free acids are not found with certainty 
where combustion or manufactures are not the cause ; and 
he does not mean to say that all rain is acid ; it is often 
found with so much ammonia in it as to overcome the 
acidity. It seemed clear to him, from his experiments, 
that rain-water in town districts, even a few miles distant 
from the town, is not a pure water for drinking : and that 
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if it could be got from the clouds in large quantities wo 
roust still resort to collecting it on the ground in order 
to get it pure ; for the impurities of rain are completely 
removed by filtration through the soil : when that is done 
there is no longer any nauseous taste of soil or soot. 

With respect to the wholesomeness of water, one ques- 
tion is whether hard or soft water is the more wholesome. 
There have been many contentions on this point It has 
been said that soft water, such as is supplied to Manchester, 
Liverpool, Leeds, and generally the large towns in the 
manufacturing parts of the country, which are supplied 
by gravitation from the hills, is not wholesome because 
it does not contain lime, which is necessary to maintain 
strength of bone ; and moreover that it becomes tainted 
with lead in passing through the house services, at least 
more than hard water does ; but against this it is pointed 
out that it does not continue to dissolve the lead of the 
pipes, but forms by its chemical action a coating which 
thenceforward protects the lead from further action, and 
that the softer the water the sooner is this protective 
coating formed, after which there is no further action 
upon the lead. 

The cases of lead-poisoning, which have undoubtedly 
occurred at various times from the action of rain-water 
upon the lead linings of cisterns in towns, cannot be 
attributed in a general way to the action of soft water 
upon lead. The house roofs from which such water is 
obtained furnish to the water, in large towns, acids 
derived from the atmosphere through which the rain 
falls, and these undoubtedly have an injurious action 
upon lead. Water stored for too long a time in reser- 
voirs, large or small, would probably have the same 
eflfect, for at the bottom of such a reservoir there would 
be a considerable quantity of decayed and decaying 
organic matter, and this might communicate to the water 
a property which would have an injurious action upon 
lead; but all such objections as these are remediable, and 
their importance is far less than that of the numerous 
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benefits of a water-supply which is not of too hard a 
character. 

Water which is tinder 5 degrees of hardness by Dr. 
Clark's scale may be said to be soft water, and 15 degrees 
to be hard. The Chemical Commission of 1851 reported 
that ** it may be useful to distinguish the quality known 
as * hardness ' of water according as it is of a temporary 
or permanent character. Perfectly pure or soft water, 
when exposed to contact with chalk (carbonate of lime), 
is capable of dissolving only a very minute quantity of 
that substance; 1 gallon of water, in weight equal to 
70,000 grains, taking up no more than 2 grains of car- 
bonate of lime. This earthy impregnation is said to give 
the water 2 degrees of hardness. Bat waters are often 
found containing a much larger quantity of carbonate of 
lime, such as 12, 16, or even 20 grains and upwards 
per gallon. In such cases the true solvent of the car- 
bonate of lime, or at least of the excess over 2 grains, is 
carbonic acid gas, which is found to some extent in all 
natural waters. But this gas may be driven off by boiling 
the water, and the whole carbonate of lime then preci- 
pitate!^ in consequence, or falls out of the water, with the 
exception of the 2 grains which are held in solution by 
the water itself. The gas-dissolved carbonate of lime 
gives therefore temporary hardness, curable by boiling 
the water. Other salts of lime, such as sulphate of lime, 
are generally dissolved in water without the intervention 
of carbonic acid gas, and therefore remain in solution, 
although the water is boiled, imparting hardness." 
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SECTION XXIIL 

Service Reservoirs. 

A SERVICE reservoir acts aa a pressure regulator. It would 
be inconvenient to connect the service pipes of the dis- 
tribution directly with the main pipe which conveys the 
water from the storage reservoir ; it might be necessary 
to shut off the water at the reservoir for a day or two for 
repair of the conduit pipe or other purpose, and another 
inconvenience would be that the pressure due to the 
height of the column could not be economically made use 
of; the pressure would be least when most wanted. It 
is a common occurrence that during the busy hours of the 
day twice as much wat^r per hour is used as the average 
hourly quantity, and at those times the velocity in the 
main would be doubled and the loss of head increased 
four times, and the serviceable pressure proportionately 
reduced. 

The same thing occurs in the distributing main and 
service pipes in connection with a service reservoir, 
but with this difference — that, the velocity in them 
being less, there is less absolute loss of pressure; doubling 
the smaller velocity and squaring it for its effect does 
not produce much absolute loss of head. The excessive 
loss of pressure at the place where the water is to be 
used is avoided by interposing a service reservoir in 
which the flow of water expands over an area, and stands 
nearly at the same height at all times. This evenness of 
pressure is a practical advantage, although, no doubt, 
greater pressure would be obtained without the inter- 
position of the service reservoir if but little water were 
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being drawn from the pipes, and if the main conduit were 
a pipe laid below the hydraulic gradient. For any 
purpose for which the water would need to be shut off 
at the storage reservoir, such as the ccainection of a 
branch or the repair of the main, 48 hours would probably 
be time enough, for emptying the main, doing the work, 
and refilling the main, and in the following remarks it 
will be assumed that the service reservoir is to hold two 
days' supply of water. 

A system has been in a few cases adopted of making 
very large service reservoirs, where the ground is 
sufficiently favourable, and thus increasing the storage 
capacity of the works materially, the form of the ground 
in these cases being such as to admit of water being 
impounded by an embankment on one or two sides of the 
site, or it may be partly on a third side ; but usually 
there is little choice of situation for a service reservoir, 
its primary necessity being height, with reference on the 
one hand to the height of the highest ground to be 
supplied, and on the other to the height of the storage 
reservoir, the dimensions of the conduit and conduit pipe 
being made accordingly. The situation of a service 
reservoir being thus almost rigidly fixed, it is dug out of 
the ground for the mo&t part, and the excavated darth 
embanked round it. 

The four essential features of a supply of water by 
gravitation ar^ the storage reservoir, the conduit, the 
service reservoir, and the distributing main; and service, 
pipes. Filtration forms a fifth when it is necessary. 

Where the supply of water in bulk may be undertaken 
in connection with the regulation of flood waters, the 
question of authority divides itself between the land- 
owner on the one hand, and the lofiaj sanitary author- 
ity on the other, or it may be several local sanitary 
authorities in each case. The distribution of the water, . 
and its filtration, if necessary, must be with the sanitary 
authority, but the service reservoir should be made by. 
the reservoir authority a9 distinct from the distribution/ 
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authority, and the sanitary authority would take the 
water from the service reservoir at a price per 1,000 
gallons or per million gallons. Near populous places, 
where there is usually excessive dust and smoke in the 
atmosphere, water for drinking cannot properly be exposed, 
and each sanitary authority would construct a covered 
service tank, into which the water would flow from the 
service reservoir. One service reservoir might suffice 
for several covered service tanks, which, in some 
cases, might belong to different local sanitary authorities, 
whether urban, as local boards, or rural, as boards of 
guardians. Whether one or several sanitary authorities 
take water from the service reservoir, each would lay a 
distributing main between the covered service tank and the 
service reservoir, and the service pipes in connection with 




COyE/fED SERVICE RESERVOIR 
Fig. 53. 

it. Adjoining the service reservoir would be a measuring 
tank for each sanitary authority, in which would be the 
gauge, open to inspection, and so arranged as to give the 
quantity of water agreed upon from time to time up to a 
certain maximum. 

The use of the service tank at the end of the dis- 
tributing main would be to receive the excess of water 
not used, and to contain a day's supply in case of its 
being necessary to shut off the water at the service 
reservoir, of which notice could always be given so as to 
have the tank full. By the continued record of the state 
of the service tank it would be seen whether more water 
were being taken than was used, and it should be a con- 
dition of the agreement between the sanitary authority 
and the reservoir authority that the quantity may be 
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varied from year to year as circumstances require, within 
a certain maximum. This, no doubt, would throw an 
onus upon the reservoir authority, but only a proper one, 
as being the dispenser of the water, and being able to 
estimate the proper provision to be made for present and 
prospective needs independently of any estimate made by 
the sanitary authorities. 

Amongst the varying levels at which places to be 
supplied with water are situated in respect of any storage 
reservoir, three may be taken for example in which the 
covered service tanks. A, B, and C, would be at such 
levels that the highest would be about 100ft. below the 
lowest level to which the water in the reservoir would be 
drawn down, and if the population of the three places or 
districts be 30,000 in all, there would be required for a 
full supply 750,000 gallons a day. 
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Pig. 54. 

It would be a moderate view of the circumstances to 
assume that within an average distance of three miles of 
the three places a service reservoir might be made on 
ground sufficiently high to command them all, and that 
the water may be impounded at the height named within 
a distance of seven miles from the service reservoir. 

The height of the service reservoir in such a case 
would be at about the mean height between the covered 
service tanks and the lowest water-level of the storage 
reservoir. There would then be about 16ft. or 17ft. fall 
per mile in the distributing main, and 5ft. per mile in the 
conduit. This would be sufficient if the water were carried 
along the hill-sides, but if any considerable length of low 
ground intervened, requiring to be crossed by an iron pipe, 
the total fall of the conduit could be a little increased 
and the fall of the distributing mains as much reduced. 

Q 
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An open reservoir should be at least 14ft. or 15fi;. deep, 
lie rays of the sun act through any shallow and stagnant 
water upon the bottom, and cause the growth of vegeta- 
tion and insects. If the service reservoir in question were 
required to hold 1,500,000 gallons, or 240,000 cubic feet, 
being two days' supply, and it be made 15ft. deep, the 
water area at the mean depth would be 16,000 sq. ft., 
and if it were made square it would be, at that depth, 
127ft. square. According to the nature of the ground, 
the slopes may be from 1^ to 1 to 2 to !• Let it be 
assumed that they are 2 to 1 throughout, both in the ex- 
<2avation and embankments, and that the top of these is 
2ft. above the top-water leveL The reservoir would 
then be at the top 165ft. square. The top of each bank 
may be 6ft. wide, except on the lower side, where, indeed, 
the width may be the same aud the slope the same, but 
divided by a level bench of such width that the bulk 
of earth in the lower bank would, if continued in one 
slope, make the top width 9ft. Here we have no puddle 
trench, and to make the reservoir watertight, the puddle 
— ^if puddle be used — is continued across the floor and up 
the slopes of the excavation, and along the surface of the 
ground to meet and join with the puddle walls raised in 
the centre line of the embankments. The floor-puddle 
may be 2ft thick if well made, and the wall-puddle 
should be at the bottom as thick as will allow the top to 
be flnished 3ft. or 4ft. thick, with a gradual reduction in 
the thickness of Ift. in each 6ft. in height. The surface 
of the floor-puddle and that upon the slopes, should be 
covered with broken stone or gravel, not less than 6in. in 
thickness, which may be continued up the slopes of the 
embankment to the top of the reservoir. This hardly 
foxms of itself a sufficient protection of the puddle against 
the action of the water upon it, but if the interstices are 
filled with sand it does sa There is but little difference 
between this and concrete for this purpose. But to 
provide a surface which can be swept, brick-on-^edge 
paving is addec^ or two /courses of bricks laid flat. 
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If the water is not to be filtered, it is necessary that 
it should pass through fine wire-gauze strainers in going 
ont of the reservoir. To hold these and the valves 
1;hroagh which the water would pass^ a structure of 
masonry is built^ 

The strainers are of copper wire, 40 to the inch ; but 
as these, being of so fine a mesh, would too soon require 
i^moval if not protected, strainers of a mesh less fine, 
about 20 to the inch, are placed in front of them, and a 
double set of grooves is provided for these, so that before 
one set is removed the other may be inserted. The 
screens are removed and washed as occasion requires, 
being for that purpose and for strength made in small 
rectangular frames of wood, inserted in a larger frame 
which can be lifted out bodily, these being set one upon 
another to the height required. 

The top soil, before the excavation is begun, would be 
taken off and reserved outside for soiling the slopes of 
the banks. The tops of the banks would be formed 
as footpaths, with gravel or any clean material, and 
formed with a transverse inclination away from the 
reservoir. 

The outside of the puddle wall should be protected from 
rats by a facing of concrete, or else the earth may be 
mixed with lime in the proportion of about 10 to 1, and 
watered for a yard in width outside the puddle wall, and 
this should be extended along the surface of the ground for 
some part, if not the whole, of the seat of the outer part 
of the embankment. 

In the case of a high embankment, as of a storage 
reservoir, this protection is not necessary, because the 
distance from the outside to the puddle wall is too great 
to be burrowed, but in small service reservoirs the puddle 
should be protected. 

In many situations where it would be proper to 
<xmstruct a service reservoir, it would be difficult to pro- 
cure clay for puddle within any short distance, and it 
zoight, at the same time, be easy to procure materials 

q2 



228 SERVICE RESERVOIRS. 

for oonorete. In that case the reservoir might be made 
watertight, without paddle, by the use of concrete made 
specially with that view, that is, with plenty of filling, 
both sand and lime or sand and cement ; bnt if good bine 
lias lime can be procured at a less price than cement, it 
will be preferable to use lime, the quantity being increased 
in the ratio that the price of cement bears to that 6f lime ; 
and the thickness of concrete may be less than that 
required of puddle; and, reckoning the thickness of 
puddle and its covering together, this is a considerable 
reduction of the thickness of materials required for the 
bottom of the reservoir, and saves excavation to the 
extent of about half the difference of the cubic 
contents. 

If, however, there is the slightest reason to fear a move- 
ment of the ground, however slight or partial in its extent 
after the reservoir has been made and filled, puddle will 
be preferable to concrete as being less rigid. At the 
same time the longitudinal tenacity of concrete may be a 
favourable property in the opposite respect. The earth 
would be wheeled out, or cuiied out, and put into the 
banks in thin layers not more than Gin. in thickness, and 
consolidated by hard ramming, and, if sand, watered at 
the same time. 

A sand bank made in wet weather is very much 
superior to one made in dry weather. 

If the banks be wholly of sand the puddle walls should 
be of greater thickness than is otherwise necessary, unless 
they be faced with clayey material, or with limed earth 
to prevent the moisture of the puddle being absorbed by 
the banks. 

Service reservoirs, larger and deeper than the one of 
this example, have been made on ground containing 
nothing but sand, and with the strength-dimensions here 
stated, stand firm and watertight ; but ground containing 
sand, clay, and stone shale mixed is preferable, if the clay^ 
be not in excess. Instead of the expensive brick paving 
of the inside of the reservoir, a facing of Portland cement 
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on concrete would be almost equally good, and consider- 
ably less expensive. 

A particularly good fence is necessary round the foot of 
the slopes. Post and rail is good enough for a storage 
reservoir, but not for this, and the fence should be far 
enough from the foot of the slope to allow a cart-way all 
round, and a piece of land should be inclosed near the 
outlet of the reservoir for stores and other purposes. 
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SECTION XXIV. 

Distribution of Water. 

The mam from the service reservoir to the town has a 
great declivity if taken as a whole, bnt for a short length 
after leaving the reservoir it sometimes lies above the^ 
hydraulic incline, and will not supply so much water to 
the remainder of the pipe as it is capable of conveying. 
Seeing this, it has in some instances been sought to obviate^ 
it by making the diameter of the pipe greater at its upper 
end than further on. This seems right in principle where 
the main does lie in this position, but if it descend to or 
below the hydraulic incline immediately after leaving 
the reservoir, it is not so ; the pipe must then be of the 
same diameter throughout. In either case the mouth of 
the pipe should be enlarged so that it will admit the fall 
quantity due to the carrying capacity of the main. 

The trunk main should be continued through the town 
of the fall size, so that fature branch mains may be 
derived from it at any point that may hereafter be found 
desirable. 

Branch mains are commanded by sluice valves at their 
junctions with the trunk main, so that the town becomes 
divided into districts, and the water may thus be shut off 
from any one of them without affecting the supply to 
other parts of the town. Waterworks valves are generally 
of the screw kind. A watertight cast-iron box contains a 
gun-metal nut which is attached to the door, and through 
which works a gun-metal (but sometimes wrought-iron) 
screw, with square thread, by which the door is raised, 
the door being faced with a gun-metal ring on the side^ 



VARIES DURING THE DAY. ^31 

opposed to the pressure, wluch slides on another gun- 
metal ring attached to the cast-iron body of the cod^. 
The head of the screw shonld haTe a fsilsd head of iron: to 
take the Trear of the key. 

The very Tarions rate of flow in town pipes caused by 
the nneqnal quantities drawn for domestic use at the 
varioua houra of the day renders it a matter of diflfoulljr 
to calculate exactly the proper sizes of the pipes. 
Mr. Marten* made some experiments at Wolverhamp- 
ton under a constant supply, and found that in round 
numbers three-fourths of the whole daily supply was 
used between the hours of 8 a.m. and 8 p.m. ; that the 
hourly quantity used during the day increased from 4 per 
cent, of the whole at 6 a.m. to 8 per cent, at noon ; then 
only about 6 per cent, per hour is used during the next 
two hours, but at the end of that time the increase begins 
again, and reaches 8 per cent, per hour at 4 o'clock, after 
which it declines gradually to 3 per cent, at 9 at night ; 
and during the nine hours of the night, from 9 p.m. to 
6 A.M., the supply is only 14 per cent, of the whole,, or at 
the rate of 1 J per cent, per hour. 

Mr. Hawksley stated, in his evidence before tiie Com- 
mittee of the House of Commons upon the Salford Lnr 
provement Bill, that during the week ending February 2, 
1862, at 9 o'clock in the morning the pressure at the 
entrance of the main into Salford was equal to a head of 
water of 173ffc., which was reduced to 169ft. at 10 o'clock, 
rising again to 170ft. at 11, then reduced during the hour 
before noon to 168ft., and, the people being at dinner from 
12 to 1, and no water being used at the mills and other 
works, the pressure rose during that hour to 172ft., fall- 
ing again to 158ft. at 2 o'clock, when the people had 
returned from dinner, rising again to 160ft. at 3 o'clock; 
and at 4 o'clock a change is made by connecting the main 
with a reservoir at a lower level than that which supplies 
the day pressure. 

The head from this lower reservoir remains on during 
* Henry J. Marten, Esq., M Inst. C.E. 
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the night and until 6 or 7 o'clock in the morning, when 
the pressure from the higher reservoir is again put on. 
At 5 o'clock P.M., the pressure from the lower reservoir 
was equal to a head of 75ft., and it rose again during the 
evening, as people ceased to take water, to midnight, when 
it was 98ft., then, a few people being still up and draw- 
ing water, it rose still further after that up to 102ft. at 
between 2 and 3 o'clock, where it remained until 5 a.m., 
after which, a few people getting up at that hour and 
drawing water, it was 100ft. ; and at 6 or 7 o'clock the 
pressure from the higher reservoir was again put on. 

These observations show the hours of the day at which 
the maximum and minimum quantities of water were 
being used. The greater the quantity being drawn off 
the more the pressure is lowered in the main. 

It has also been stated that in general the draught 
of water in a town between 8 o'clock in the morning and 
noon is usually from 2 to 2s^ times the average of the 
whole day. In the night it is not more than \ of the 
average quantity, except there are cisterns to be filled 
up during the night, and then it is not so low as \. 

The quantity varies at different times of the year ; the 
greatest quantity is used in the month of August, except 
in London, where the greatest quantity is used in July. 

The appendages of town pipes are sluice- valves, cleans- 
ing cocks, hydrants, meters, lead or iron house-service 
pipes, with their ferrules of attachment to the street pipes, 
stopcocks, bib cocks, and waste preventers. 

The old conical plug cock was difScult to make water- 
tight, and is now superseded by the screw-down cock, with a 
leather seating. There may be a second or upward-action 
button valve which rises with the flow of water to a seat 
under the seat of the upper valve and allows the upper 
valve to be taken out for repairs while the pipe is under 
pressure. 

The old system of obtaining water from the street 
pipes for the extinction of fires was by a simple hole in a 
projection cast on the pipe, which was closed by a wooden 
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plug ; hence the common name of these appendages — ^fire- 
plugs, and they are yet in use in London, but in general 
they are superseded by the hydrant, which has the open- 
ing closed by a ball which is floated up to an india-rubber 
seat by the water, and by its pressure the pipe is kept 
watertight, and when it is required to obtain water from 
the pipes this ball is pressed down by a spindle (carrying 
a cup at its lower end) which passes through the centre 
of a tube having means of attachment to the pipe at the 
bottom and nozzle outlets at the top to which hose pipes 
are attached, the water escaping past the ball when it is 
pressed down and rising through the tube. The same 
appendage is also the most convenient for filling carts for 
road-watering. 

Kecent observations on the quantity of water required 
for road-^ratering show that 220 gallons of water are ex- 
pended on 1,088 square yards of macadamised road each 
time of watering ; that is to say, that quantity watered 
272 lineal yards of road 4 yards wide, or half the width 
of an average street, which is at the rate of 200 gallons 
per 1,000 square yards watered, or where the roads are 
watered twice a day, as they were in the town where 
these experiments were made, 400 gallons per day per 
1,000 square yards watered. The quantity used by each 
cart was estimated thus — hydrants being placed all along 
the roads at the distance of 272 yards apart, so that there 
is no loss of time in dragging fall carts over any part of 
the roads already watered. 

Take the time at which a cart begins to be filled. It 
takes four minutes to fill it, disconnect the hose, and start. 
It then takes four minutes to travel and expend its load, 
by which time it will have arrived at the next hydrant, 
where it takes up another load and travels on as before, 
thus keeping on in procession, and not uselessly travelling 
over the ground. In this way a cart holding 220 gallons 
will water 2\ miles of road twice a day over the full width. 

The quantity stated to be used in London is 14,000 
gallons per mile of road watered twice a day. 
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Water meters are of two kinds ; tiie one those which 
measure positively and the other those which measoxe 
inferentially. The positive water meters measure by the 
cylinder&l» the piston, which is driven by the pressure of 
water through the fixed length of the cylinder, registering 
each stroke as being the quantity of water displaced by its 
motion* 

The inferential meter is on the principle of a Baiker's 
mill — ^that is to say, the revolution of a spindle is caused by 
the unbalanced pressure of water within radial tubes which 
have holes on one side only, the pressure due to the area of 
the hole being transferred to the opposite side of the tube, 
causing it to recede from the direction of the hole with 
the velocity due to the head of water and area of orifice* 

To bring this principle into a practicable shape the 
water passes down a funnel and outwurda through curved 
arms, the areas of whose outlets are proportioned to the 
quantity of water to be registered at each revolution, and 
inasmuch as the number of revolutions would increase 
with the pressure of water, and therefore register more 
water under great than under small pressures, vanes are 
attached which, by meeting with a greater resbtanoe 
under a rapid than under a dow velocity, retard tiie 
motion in the same ratio as the greater head of water 
tends to increase it, thus registering the* same quantiiy 
under all pressures. 

By these means and by minute attention to the per*> 
faction of manufacture of every part of the machine great 
accuracy is attained; the meters are indeed guaranteed 
to register accurately within 5 per cent. 

A water-waste preventer is a most necessary appliance^ 
and consists of a cistern in two compartments — a larger 
one into which the water is received, and from which it 
is shut off when full by the rising of a floating ball at the 
end of a lever, and a smaller one into which water is ad- 
mitted from the larger compartment, the two plugs closing 
the outlets being so connected that both outlets cannot be 
opened at the same time, but that when one is opened the 
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other is by the same motion closed, so tfatd: ft contiimoiift 
flow of water through the cistern cannot take place* 

The service pipes laid into houses are not usually con- 
nected with the mains, but with suVmains or service- 
mains supplied from the mains by junctions at intervals, 
separate districts being thus formed, the service-mains of 
each district having a stopcock upon it near the junction 
with the main ; so that when it is desired for any purpose 
to shut off the water from a district it can be done with- 
out stopping the supply to other parts of the town. This 
is one of the oldest devices in the waternsupply of towns, 
but in adopting the system formerly it was more a matter 
of necessity than it is now in many cases. The inter- 
mittent system of supply was the general one, formerly, 
under which the water is delivered into cisterns on the 
house-premises, being turned on to a district for a certain 
number of hours in the day and turned off at ni^t, ta 
save leakage from the street pipes as well as from the 
housenservice pipes. But this system of sub-mains, or 
service-mains, each controlled by a stopcock, is a conve- 
nient one, whether the system of supply be the inter* 
mittent system, as in London, or the constant system, aa 
in some other towns. It also serves the useful purpose 
of enabling the quantity of water supplied to each district 
to be measured. The method by which this has mostly 
been done is to insert in the service-main behind the 
stopcock a short pipe carrying a hydrant, and another 
short pipe in front of it, also carrying a hydrant, a stand- 
pipe being attached, temporarily, to each hydraitt, and 
their nozzles connected by a pipe with a meter upon it, 
through which the water is turned by shutting down the 
stopcock, the meter and the two standpipes being re- 
moved when the measurement has been made, and the 
stopcock opened for the passage of water along the 
service-main as usual.^ 

The indicator dials of the: meters, whether* they have 
rotary or linear motion, show moderately small quantities 
of water passed through them, and by observing the 
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differences of the times of observation and making those 
differences sufficiently small, an accurate account of the 
flow for any length of time — say 24 hours — can be pro- 
duced. When it has been desired to change the system 
of supply from an intermittent to a constant supply it 
has always been an anxious question what effect this 
would have upon the total quantity at command, and this 
has been ascertained by making trials in the separate 
districts, before disturbing the whole arrangements, by 
placing a meter upon the service main and comparing the 
population supplied with the quantity registered in 24 
hours, and continuing the observations for a whole week, 
by which the engineer could ascertain whether it would 
be safe to advise that the change of system should be made. 
When such observations have been made it has usually 
been found that a large quantity of water was passing 
through the meter even during the night time when it 
was known that water was not being used, and the 
quantity then passing into the district could only be 
attributed to leakage, either from the service pipes of the 
houses and their fittings or from the service mains in the 
streets, but from which of them the leakage proceeded 
could not be discovered by the readings of the meter, 
which gave only an integral number of gallons in a given 
time, and which time would be considered reasonably 
short if taken every quarter of an hour; and by a- system 
of night inspection and a strict ordering of the prevention 
of waste by leaving taps open or cisterns overflowing, 
the sources of leakage could often be traced to defects in 
the street pipes belonging to the water authority; and 
before a constant supply could be attempted these defects 
were flrst repaired, and sometimes the pipes were renewed 
altogether, there remaining then only the waste produced 
by defects in the house-service pipes and their fittings ; 
but as householders object to frequent inspections of 
premises by the officers of the water authority, it still 
remained very difficult to ascertain upon which particular 
premises the leakages occurred. This difficulty has been 
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in a great measure obviated by the means taken first at 
Liverpool. 

Mr. G. F. Deacon, the water engineer of Liverpool^ 
invented a new kind of meter for the purpose of indi- 
cating the waste due to leakage, by which the quantity 
passing through the meter is recorded continuously, 
instant by instant, describing a diagram of the move- 
ment of the water through it. The essential part of 
Mr. Deacon's meter consists of a conical tube, truncated, 
with a disc of the same diameter as the smaller end of th& 
tube, moving rigidly in its axis, the water entering at the 
smaller end of the tube and leaving at the larger end. 
The conical tube being vertical, its small end uppermost, 
the weight of the disc is counterbalanced by a weight 
hung from a pulley above it, the connection being made 
by a fine wire passing through a pinhole in the top of the 
meter. When no water is passing the disc fills the small 
end of the tube. On the water being turned through the 
meter the disc is driven away from the small end of the 
tube by the pressure against it, leaving an annular space 
between its edge and the tube round it, through which 
the water passes. A pencil on the wire, connecting the 
disc with the counter-weight, marks the rise and fall of 
the disc upon a sheet of paper wound round a cylinder, 
which is made to revolve by clockwork. The paper is- 
wide enough to show the greatest average quantity per 
hour at any instant, and long enough to record the flow of 
water into the district during 24 hours. By reason of the- 
sensitiveness of the disc, suspended in a stream of water 
of very unsteady flow, as small a quantity as that issuing 
from one tap in a district containing perhaps five 
hundred, or more, is shown on the diagram ; indeed evea 
a smaller quantity than this is said to be distinguishable 
sometimes, so small even as that of a strong dropping of 
water from one tap. Such small variations of the move- 
ment, however, might indicate variations of pressure on 
the disc produced by the alternate compression and release 
of the confined air in the service main and pipes. But 
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this is a trivial matter in comparison with the important 
servioe rendered by this meter to all water authorities in 
ascertaining the souroes of waste. 

BlYEBS. 

For waterworks purposes a river may l)e considered to 
l)e a natural conduit which conveys water from a reser- 
voir, but that the reservoir from which the conduit 
proceeds is spread out over an extended and shallow area, 
or else is subterranean; and that the discharge is not 
lurtificially controlled. In this case we have less to do 
with immediate drainage area than with the actual volume 
of the river in the driest seasons. This dry-weather flow 
is determined by frequent actual gaugings of the river 
after long droughts. So that, except for scientific pur- 
poses of investigation, the drainage area and rainfall do 
not immediately enter into consideration. 

But besides finding that the dry- weather fiow of a river 
is sufficient to allow water to be taken from it for the 
supply of a town without injury to interests below th:e 
point of abstraction, or with such small ifijury as may 
<x>me within the possibility of direct money compensation, 
there arises the question of purity of the water; whether, 
allowing that no river in its lower or middle courses can 
be absolutely pure, it is sufficieutly so for a town supply. 
It is evident that many rivers have been so much polluted 
by manufacturing refuse and town sewage during the last 
twenty years or more that they are quite unfit for the 
purpose, but, besides these, there are those which have long 
been ccmsidered doubtful ; and the state of the Thames 
and Lea, from which London is chiefly supplied, has of 
late years given rise to much discussion in this respect ; 
and it is to be presumed that other rivers from which 
water is supplied to towns will receive a similar attention. 
The question is far too great a one to be treated of here 
exhaustively, and all that need be said is that the Eoyal 
Oommiflsion on Water Supply reported in 1868 that, not- 
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withstanding tbe impurity the Thames received in its 
course before arriving at Hampton and Eangston, where 
the supply of five out of the eight water companies was 
taken, it was sufficiently pure to be supplied to the metro- 
polis. The quantity is abundant for the requirements of 
London, and the companies are authoiised to take about 
one-fourth of the dry-weather flow of the river, that being 
about 400,000,000 gallons per day, before it reaches the 
waterworks, and that will be, when the companies have 
taken the 100,000,000 gallons per day they are entitled to 
take, about 300,000,000 gallons per day still; and there are 
.no interests below them injuriously affected by the abstrac- 
tion of that amount of water except that of the Thames 
Conservators in respect of the diminution of the fresh- 
water flow as £ir as that may affect the ebb of the tide 
from , Teddington to, say, Putney ; and these interests 
have been arranged with the companies by each of them 
paying; to the Conservators £1000 a year, conditionally 
on theii: taking measures to prevent the flow of town 
jsewage.ii^to the river. The average volume of the river, 
however, is three times the quantity here set down. 

But although the Thames, from its peculiarities, is able 
to furnish a good supply of water to Xondon, in the 
opnion of the Koyal Commission, there are other rivers 
in the country from which towns are supplied which will 
probably, on a like investigation, not prove to be so 
suitable. Indeed rivers, which for many years have been 
the sources of water supply, have been ^ven up from time 
to time, and purer sources resorted to. 

Water is pumped from a river into a service reservoir 
through cast-iron pipes, mostly by steam-engines; in a 
few cases by water-wheels ; but scarcely any river water 
is pure enough without filtering, and it is usual to 
filter it before it is pumped up to the reservoir. It is 
seldom that depositing reservoirs and filter-beds can be 
constructed on the river side so that the water may flow 
into them directly from the river, and in most cases the 
water is pumped into depositing reservoirs And fllter-beds 
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formed on or near the banks of the river, and in these cases 
the engines have a double set of pnmps, one to lift the 
water from the river into the depositing reservoir, from 
whioh it flows back to the pnmps throngh the filter-beds, 
and another set of pumps to raise the water to the service 
reservoir. 

Wells. 

The chalk and New Bed Sandstone formations absorb 
large quantities of rainfall, and in those situations where 
there is no free escape for the water in the form of springs, 
as is the case where the strata lie in a basin-like form, or 
where faults hold up the water, shafts sunk into these 
strata often yield large quantities of water. The Kent 
Waterworks Company were said some years ago to be 
pumping 6,000,000 gallons per day, and that they could,, 
if required, obtain 10,000,000 fix)m the same site. 

At Liverpool there were seven wells sunk in the New 
Eed Sandstone, from which 4,000,000 gallons per day were 
pumped, while 2,000,000 were being pumped from private 
wells, making 6,000,000 gallons per day, all within an 
area of six square miles. The Corporation abandoned 
three of these wells, continuing four in use and sinking a 
new one, and from these five wells 38,000,000 gallons per 
week were pumped, according to the evidence of the late 
Mr. Duncan in 1867. This would average a little over 
1,000,000 gallons per day from one well, but there ia 
nothing more certain than that wells sunk in the New 
Eed Sandstone vary greatly in the quantity of water they 
yield; as, for instance, while the average of these five 
wells was not much more than 1,000,000 gallons a day, 
one of them, that, namely at Green Lane, yielded SjOOOjOOO* 
gallons a day at the same time. The supply of water to be 
procured permanently from wells is problematical what- 
ever the ground they be sunk in. The quantity which 
can be permanently derived from wells is more uncertain 
than that from either rivers or gathering grounds of 
moorland at considerable heights above the sea. 
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Pumping Mains and Engines. 

There is not much difference in the conditions of a pump- 
ing main through which water is supplied into a service 
reservoir, and those of a conduit pipe, except the shocks 
and variations of pressure to which it is subjected unless 
good arrangements of air vessels be adopted at the 
pumping station, and even with these it requires to be of 
rather greater proportionate strength than a conduit pipe ; 
and when it is considered that in general a pumping 
main passes through a more numerously-inhabited district 
than a conduit pipe usually does, and therefore that, in 
case of a burst, so much more damage would be done, 
there are obvious reasons for making it considerably 
stronger. 

When branches are derived from the pumping main, it 
should still be continued of the full diameter up to the 
service reservoir, because the flow in the branches is 
liable to checks, which would throw strains on the pump- 
ing machinery if there were not a free way for the water 
at all times, the consequence of a check in the branches 
being, under these circumstances, only that more water 
would then be delivered into the reservoir. 

Where water was pumped into a main from which 
branches and service pipes were derived in its course, and 
it was proportionately reduced in size after giving off 
these branches, it was sometimes tried to equalise the 
strain on the pumping machinery caused by these checks 
to the flow by pumping the water over a stand pipe of 
the greatest height required to supply any part of the 
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rlistrict; and this, of course, did equalise the strain, but 
it was not an economical method of working, for all the 
water had to be pumped to the maximum height, while 
the greater part perhaps required no more than half the 
elevation to effect a due delivery; and then, besides this 
bad economy, the water would often stand in the down 
leg of the stand-pipe at many feet below the summit, and 
the body of water falling down freely on to its surface 
caused concussions that were felt throughout the whole 
system of town piping. Stand pipes are not so much in 
use now, and it is preferred to pump direct into the 
mains, with the provision that its size be continued full to 
the end at an elevated spot where a reservoir can be 
constructed. That pumping directly into a system of 
town piping not provided with a head reservoir is inju- 
rious to the plant was shown at the Liverpool works, 
where, according to the report already named, the fluctua- 
tion of the load on the engine at one of the pumping 
stations varied fifty times in a minute from 104ft. to 
184ft., when the engine was making 25 strokes per 
minute. The machinery seemed as if it were being 
knocked to pieces. 

The two forms of engine which have most often been 
employed for pumping water are the single-acting 
Cornish engine, with a large steam cylinder at one end of 
a beam, and a heavy plunger-pole at the other, the 
characteristic movement being a long stroke quickly made, 
and then a pause of greater or less duration before another 
stroke is made, according to the number of strokes per 
minute required for present work, the frequency of the 
strokes being under the easy control of the attendant by 
the means provided; and, secondly, the double-acting, 
double-cylinder or compound-cylinder beam engine with 
a crank shaft carrying a heavy fly-wheel. 

In all pumping engines, of either form, a heavy mass- 
must be put in motion in order to overcome and equalise 
as far as possible the variations of the load caused by the 
different pressures from time to time in the pumping 
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main, except in cases wliere the water is pttmped into a 
reservoir through a main from which no branch is de- 
rived, and even in these cases, nnless the engine be pro- 
vided with differential valve gear, so as to stop the motion 
at once automatically, as with Mr. Davey's gear for that 
purpose, a heavy mass put in motion is still required in 
order to guard against breakage of the engine, in case of 
a burst of the main. For pumping water it has been said 
that the Cornish form of engine is the best, but it would 
rather perhaps be a question first, what are the particular 
circumstances under which the engine is to work. 

Formerly the water was in many cases pumped over a 
standpipe, high enough to command the highest parts of 
tbe low-level districts to be supplied ; the smaller quan- 
tity of water required for exceptionally high parts of a 
town being pumped into and supplied from a highnservice 
reservoir, the water being turned off from the standpipe 
during the time of pumping into the reservoir. But the 
districts into which a town is divided for the purposes of 
water-supply do not draw from the main the same 
quantity of water at all times, and when they are draw- 
ing most quickly, the level of the water in the descend- 
ing legs of the standpipe is lowered very much, and the 
water foils from the top of the standpipe with a momen- 
tTim which is enough to burst a pipe sometimes. If, for 
instance, the standpipe be 200ft. above ground, and the 
surface of the water in the outer legs be ISOffc. only, there 
mil be a drop of 50ft., and tlie water will attain a velo- 
city of more than 50ft, per second, causing dangerous 
concussions in the pipes. 

There is another objection to standpipes; the engine 
must pump all the water to the full height, alihiough so 
great a head may not at all times be required. In the 
Cornish engine employed in pamping water from a mine 
the load is the same at every stroke, and the standpipe 
was introduced to resemble that condition of working, but 
a balance of practical disadvantages has be«tt against it, 
after being many years in use, and the air vessels and a 
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better arrangement of pump valves are made to take their 
place in the regulation of the load on the engine, whether 
it be of one or the other type here mentioned. The kind 
of engine first employed was the single-acting beam 
engine with crank shaft and fly-wheel, which was a safe 
engine for the purpose, but not economical in the work- 
ing expenses. As the Cornish engine was highly econo- 
mical for pumping water from mines, it was adopted also 
for pumping water for towns where the circumstances 
were at all similar, and sometimes perhaps where they 
were not so; and when, about the year 1850, the late Mr, 
James Simpson, the engineer of the Lambeth Water 
Works, desired to pump water through a 30-in. main from 
Thames Ditton to Brixton Hill, a distance of more than 
10 miles, he requested Mr. Pole, F.B.S., M.Inst.C.E., and 
the late Mr. David Thomson, to undertake an investigation 
into the merits of different forms of engine, with the view 
to the adoption of the one most suitable to the conditions 
under which the water had to be pumped. 

At that time, as may be seen in the Minutes of Pro- 
ceedings of the Institution of Civil Engineers, vol. xxiii., 
the Cornish single-cylinder expansive engine, which had 
been introduced into London by Mr. Wicksteed, had been 
adopted by several waterworks engineers, and had justi- 
fied the reputation of Cornish engines for economy; but as 
none of these worked under the same or even similar 
conditions to those in this case, Mr. Simpson determined 
to have the whole subject investigated, with a view to 
ascertain whether the other form of expansive engine, the 
compound cylinder, would not prove more applicable ; but 
the investigation proved that in the double- cylinder or 
compound cylinder engines which were then in use in 
various parts of the country, the expansion of the steam 
had not been carried to a sufficient extent to produce 
great economy, nor. had it been arranged in the best 
manner to attain equality of motion, and the arrange- 
ments of valves and passages were generally so defective 
as to cause great loss of power, and waste of fuel; but an 
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attentive study of the principles of this form of engine 
led Dr. Pole and Mr. Thomson to the conclusion that, 
with a well-considered design, carefully carried out into 
practice, the compound-cylinder arrangement promised to 
offer a more beneficial application of the principle of 
expansion to rotative engines than could be attained by 
the single-cylinder form; and when the Lambeth Water 
Works extension scheme was carried into effect, large 
engines of 600 H.P. were carefully designed, and as care- 
fully executed, and the result fully justified the expec- 
tations. 

Trials made at the Lambeth Water Company's Works 
in February 1884, by Mr. Taylor,* the present Engineer 
to the Company, of engines constructed on a similar 
principle, were as follow : The average head of water on 
the pumps was 187 • 65ft. ; the pressure in the large boilers 
was 611b, per square inch, and in the jacket-boiler lOllb.; 
the barometer stood at 30in., and the vacuum at 28in. ; the 
trial extended over the time during which 12,966 revo- 
lutions were made, and the coal consumed during the 
trial was 2,0901b. in the large boilers, and 2981b. in 
the jacket-boiler, being together 2,3881b. These trials 
and results are summarised in a statement by the makers 
of the engines, Messrs. Simpson and Company, of London, 
as follow : 27 revolutions per minute ; actual horse-power, 
measured by the water lifted, 167 '6; coal consumed per 
actual horse-power per hour, !• 7841b.; duty per 1121b. 
of coal, 124,270,000 foot pounds; average indicated horse- 
power 193' 6; coal consumed per indicated horse-power, 
l'64lb.; quantity of water pumped during the trial, 
calculated from the full capacity of the pumps, 1,412,204 
gallons. 

These results agree closely with others obtained in a 
trial during 24 hours in October 1881 by Mr. E. A. Cowper, 
M.Inst.C.E., with two engines of the same construction 
at the same works, made by the same makers, which were as 
follow : The feed to the boilers per indicated horse-power 
* John Taylor, Esq., M.In8t.C.E. 
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per hour was 13* 3971b. ; tbe ooal consumed per indicated 
horse-power per hour, including that for the jaokets, was 
1* 60491b.; the amount of heat, induding that given to 
the jackets of the cylinders, was 10,100 thermal units 
per Ih. of ooal consumed. 

In a 48 hours' trial, made in February 1883 with 
similar engines at the Hammersmith Pumping Station 
of the West Middlesex Water Works, by Mr. Thomas 
Hack, M.Inst.C.K, the Company's Engineer, the value of 
the first condition mentioned above was 14*67; of the 
second, 1 • 54 ; and of the third, 11,675. 

The trials made by Mr, Taylor, as given first above, 
may be compared with those of Mr. Hack and Mr. Cowper, 
on the same basis, as follow, viz., the feed of the boilers 
13'67lb. per indicated horse-power per hour; the ooal 
consumed was 1 * 541b., and the heat produced per lb. of 
coal consumed was 11,682 thermal units in the large 
boilers, and 7,500 in tiie jacket-boiler. It may be said 
perhaps that the high duty of 124 millions of pounds 
raised 1ft. high by the consumption of Icwt. of coal is 
partly due to the high quality of the Nixon's navigation 
Welsh coal used, but the makers of these engines say that 
in all these trials the steam condensed in the jackets 
returned to the boilers, and the feed, which was most 
oarefally measured in tanks, is the weight of steam 
passing through the cylinders ; and that l^is method of 
testing the efficiency of engines enables comparisons to 
be made of their relative economy without regard to the 
quality of the coal used. 

A duty of 88 million foot pounds with the consumption 
of Icwt. of the best coal is perhaps as much as can be 
done with the Cornish form of engine, and this is equiva- 
lent to a consumption of 2 •51b. of coal per hour per 
indicated horse-power, so that the working economy of 
the compound cylinder rotative beam engine seems to be 
the greater of the two. 
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SECTION XXVL 

Floods, 

To prevent floods, the first thing to be done of a practical 
nature is to ascertain the quantity of water which the 
river will carry off when in its normal condition. The 
normal condition of a river must be taken to be not its 
original condition, and not, in most cases, its present 
condition, with all its obstructions to the full flow of 
water, but such a condition as that would be which would 
allow the continuance of weirs established for useful 
purposes in suitable situations, and the construction of 
which is such as not to obstruct the passage of flood 
waters more than is necessary to the normal conditions 
^established on any part of any river. All oth^ obstruc- 
tions would be removed. They consist chiefly of accumu- 
lations in the bed, arising from continued neglect of the 
regimen of the river. Every summer the banks are 
trodden down by cattle, every autumn there is a general 
decay of vegetation both on the banks and in the bed, 
and every year the heavy rains carry earth into the river 
from the high ground. When the river is unobstructed 
by decayed vegetation, the earth brought into it during 
heavy nuns is carried forward with the water and de- 
posited in the slack water of bends and in the pools of 
dams and weirs, a portion being further carried into the 
•estuary of the river; and all these movements and 
deposits are consistent with and form part of the proper 
regimen of every river ; but when weeds are left in the 
bed in winter where they grew in summer; when the 
iinjury to the banks done during summer by cattle tread- 
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ing them down is not repaired in the autumn; these 
catch the earth brought down in heavy rains, and an 
agglomeration of decayed vegetable matter and earth is 
formed, which floods do not carry down the river, but 
move about to short distances, forming shoals. But ob- 
structions in the bed of a river are not in all cases due to 
neglect; it sometimes is the case that the ground in 
which the river has formed its course is of too hard a 
character to be scoured to the necessary depth by the 
action of the water alone, and this is the case not only 
here and there, where a ledge of rocks runs across the 
bed of a river, but for long distances, or where it con- 
sists of hard boulder clay; and here the bed of the river 
would be lowered by excavation. 

The prevention of floods means practically the preven- 
tion of the injurious overflow of rivers, and tliis is effected 
by various means, the chief one being the lowering of 
the permanent water-level by deepening the bed and 
making such defences in certain places along the banks as 
to enable the water itself thereafter to maintain the 
depth by scour in flood times. 

Another means is the storage and regulation of the 
excess of water over and above the carrying capacity of 
the river when its bed has been duly lowered, and means 
taken to prevent accumulation of tiie detritus in other 
places than those provided for it ; but this aspect of the 
questioD, in connection with river improvements, has not 
always been considered in its due relation to the possi- 
bilities of things. The storage required is not of the 
same nature as that required for the supply of towns, 
except subsidiarily, and for a comparatively small portion 
of the water to be dealt with; it is rather the regula- 
tion of the flow of the excessive rainfalls than the abso- 
lute conservation which is, in this case, the object of 
" storage," and this takes it out of the category of those 
impossibilities which have sometimes been said to exist 
in this matter. The first thing, then, to be ascertained 
is the quantity of water the river will carry off in every 
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part when its regimen has been restored and amended 
through those lands which are liable to floods ; and then 
to regard the storage and regulation of the flow of the 
remainder. 

It has been said that these are separate questions ; but 
they cannot be so, and unless they be considered together, 
in the first instance, and before anything is done in the 
improvement of the river itself, it may well be appre- 
hended that either too much or too little will be done in 
that respect. The apprehension lies not so much against 
the engineer as against the politician, who may, perhaps, 
limit his view of the water question, in respect of floods, 
to the improvement of rivers only, regardless of the con- 
current question of the regulation of that further quantity 
of water which the rivers cannot carry off as fast as it 
falls. If he do the one thing only, he will have to make 
an undue interference with existing water rights in the 
river, and, besides that, he may damage the adjoining 
land in dry times more than would be compensated by 
their relief from floods. By this, too much would be 
done ; and if, on the other hand, the water rights be duly 
respected, and at the same time the required moisture in 
the adjoining lands be maintained in dry weather, too 
little would be done, for floods would still be frequent ; 
and the water question is not one in which a given ex- 
penditure of money confers a benefit strictly in proportion 
to its amount. 

In considering the question as a whole, the circum- 
stances of the case should be considered downwards from 
the summit of every hill, and a comparison should be 
made between the original and natural state of things 
and their state to-day under the requirements of the 
inhabitants. There is plenty of evidence that the higher 
portions of the land we inhabit have been denuded of 
their finer particles and fragments by the force of water, 
falling in the first place as rain, which have been, and 
continue to be, carried down towards the sea. Whether 
this has always been so or not, it is certainly true of the 
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present time and oircamstanoeB, and maj without dcmbt 
1)6 said to have been true of the ciroumstances of river 
basins before men became the proprietors of the land. 
It is between that time and the present that it is desir- 
able to institute a comparison, in order to see whether the 
owners of the higher lands should, in justice and reason, 
contribute to the relief of the lower lands from floods. 
The denial of the upland proprietor that he contributes 
in any way to the injury of the lower lands, and that he 
only transmits what falls upon his land by no act of his 
own, holds good in respect of the water, but of the water 
only. If the upland proprietor allows the soil and frag- 
ments of his land to be discharged into the river, he does 
not exercise the power he possesses to maintain his 
property without injury to his neighbour. It is not to 
the point, and does not satisfy the sense of justice, to say 
that he cannot prevent the soil being washed away by 
the rains in the natural way. He claims to exercise a 
right over the soil, and the sole right, to the exclusion of 
whomsoever, and it could easily be shown, as against him, 
that if he will he can keep the soil and d&ynB of his land 
upon his own premises. That he will not go to the 
expense of doing this is reasonable enough, but it spoils 
his argument that he does not contribute to the injury of 
his neighbour. 

To revert to the original order of things, the natural 
conditions are that the df^ns of the higher lands is washed 
down into the river by the rain, but also under the natural 
conditions of the river it was carried towards the sea, 
much of it being spread out and deposited along the 
valleys by the heavier rains, raising the land into the 
present meadows. Many proofe of this are found in the 
excavations which have been made for sewers, bridge 
foundations, and other works in valleys, where old roads 
and implements have been found at a depth of several 
feet below the present surface — as much as 6ft., certainly. 
This, of course, amounts, even in one river-basin, to a 
vast quantity of earth deposited in the valley, but 



NORMAL CONDITION OF RIVERS. 



251 



probably maob more has been carried down into the sea 
by the river, the heayier rains causing such a scour along 
the bed as to maintain a sufficient channeL 

The extent to which a weir influences the height of the 
water in the river above it — ^the amplitude of the back- 
water — can be found approximately for any weir, the 
circumstances of which are known, together with those of 
the river. The accompanying sketch is a section of such 




Fig. 55. 

part of the river above a weir as is influenced by the 
backwater, the vertical scale being greatly disproportionate 
to the horizontal. 

If A B represent the surface of the river in its original 
state, and a weir or dam be erected in the position shown, 
the water will pass over it at a height C due to the 
quantity and the length of the weir. If from that height 
C a line be drawn horizontally backwards until it cuts 
the surface of the original flow at D, as represented by 
the dotted line C D, that distance, from C to D, will be 
about half the distance to which the surface of the water 
in a regular channel will be influenced by the erection of 
the weir; that is to say, it will be so influenced as far up 
as the point E, twice the distance C D. The authorities 
give the distance C E as being from 1 • 5 to 1 • 9 times the 
distance C D ; but if twice that distance be taken, it will 
allow a margin for error, and will give the utmost limit 
of the backwater. From that point upwards to the next 
weir the river remains uninfluenced by the weir below ; 
but it is only in rivers with considerable fall, or where 
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there are but few weirs, or when the weir raises the 
height of the water but little above its original level, that 
there is any great length of river thus uninfluenced, in 
the ordinary state of the flow of the river ; but the in- 
fluence of the weir becomes less and less as the quantity 
of water coming down the river increases, until, in a very 
high flood, when the weir becomes drowned, its influence 
in checking the flood is but little. 

The late Mr. E. Leader Williams gave evidence before 
the Select Committee of the House of Lords on Conser- 
vancy Boards in 1877, that when the Severn Navigation 
Commissioners were before Parliament for authority to 
construct these weirs the question was fought over for 
nearly six weeks, and the result was that he arrived at a 
form of weir which not only pens up a certain quantity 
for the purposes of navigation, but facilitates the passing 
off of the flood water as well. It is a solid weir, with a 
level crest from end to end, and without sluices or means 
of passing off the water other than over its top. The back 
of the weir is rounded off to a parabolic curve, instead of 
being, as most weirs of the kind are, flat on the top. 
This improved form gives greater velocity to the water 
passing over the weir, and reduces its height for any 
given quantity passing over. This, however, is not the 
curious point to which allusion is made above ; it is that 
before a weir is formed, the flood-water runs over a rough 
bed, there being at the first of the flood but little water 
in the river — ^but meaning, presumably, only in the case 
of the Severn, or similar rivers — and, therefore, meeting 
with great obstruction to its flow from that roughness ; 
whereas, when the weir is erected, it forms a pool of com- 
paratively still water above it, through which the flood 
passes more readily than it did before ; indeed, directly 
the first of the flood touches the upper end of the pool, it 
sets in motion the whole mass of water, and it is discharged 
more rapidly than it would be if it came into an empty 
channel. 

This was supported by IVIr. J. H. Taunton, the engineer 
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of the Thames and Severn Canal Navigation. It has been 
proved to have been practically so on the Severn, and 
that is much to the point ; but it wonld not be justifiable 
to consider this proposition as having reference to rivers 
m general. In order to still farther reduce the height of 
the water due to any given quantity passing over the 
weir, the length is greatly increased by constructing it 
aslant of the river course, making it, for a river 150ft. 
wide, 500ft. long, or thereabouts ; and besides the effect 
which the increased length has in reducing the height of 
the water passing over it, the form in which the back of 
the weir is constructed, being that of a parabolic curve, 
has another effect in the same direction, for, compared 
with a weir which has a flat crest, this form of weir causes 
an increased velocity of the water in the ratio of 5 to 7. 
This is so when there is a free fall over the weir, but in 
high floods the boat traffic passes over these Severn weirs 
instead of through the locks, the weirs being submerged 
and the water-surface nearly level. 

A great flood in a river, in its upper part, where it is no 
bigger than a brook, albeit a large one, is from 12 to 24 
cubic feet of water per minute per acre of the few thou- 
sands of acres of ground above the point of observation, 
and from which the water flows ; and sometimes it is as 
much as 30 cubic feet per minute per acre from relatively 
small areas. Excessive rainfalls are but partial in their 
extent over large river basins. These quantities are 
known because it is here, in such situations, on the high 
ground within some few miles of the extreme watershed, 
and within the few thousand acres of the upper part of a 
river basin, that reservoirs are made for the storage of 
water for the supply of towns and for compensation to 
mills, and, formerly, for feeding the canals in dry seasons ; 
and these reservoirs have afforded opportunities for 
measuring the flow of large quantities of water proceeding 
from known areas of ground. When a reservoir is full, the 
flood may be measured by the quantity going over the 
waste weir, and that passing at the same time through the 
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ontlet pipes, and when the water in the reservoir is con- 
siderably below the top- water level on the commencement 
of a heavy rainfall, and the height is known at which it 
stands in the reservoir, the quantity of water flowing off 
the ground is measured by the capacity of that portion of 
the reservoir flUed up in the time observed, and as it is 
usually known what quantity of water is contained in 
each foot in height of the water-level, the volume of the 
flood is at once ascertained. 

If the volume of flood- water per minute be measured at 
various points on the course of a river between the water- 
shed and the outfall, it will be found to be much greater 
in the upper part of the basin than in the lower, per 
acre of the drainage groxmd down to the point of 
observation. 

Within those areas appropriated to the filling of 
impounding reservoirs with flood-water, within, that is to 
say, an area of ten thousand acres, the volume of a flood 
may be from 24 or 30 to 12 or 15 cubic feet per minute 
per acre ; but at the outfall of a river a great flood is not 
more than 1 or 2 cubic feet per minute per acre, as maybe 
seen from the few instances following. 

The area of the Thames basin above the tideway is 
3,676 square miles, which is 2,352,640 acres. Mr. Hawksley 
estimated the maximum flood in the Thames, in his 
evidence before the Water Supply Commission, at from 
20,000,000,000 gallons in a day to 25,000,000,000, which 
would be from 2,222,222 to 2,777,777 cubic feet per 
minute : and if we take the mean of these two quantities 
it would be 2,500,000 cubic feet per minute, or 1 -06 cubic 
feet per minute per acre; or if we take the extreme 
quantity it would be 1 • 17 cubic feet per minute per acre. 
This is at a distance from the source of about 100 miles^ 
not following the windings of the river, but a general line 
down the valley. 

At the Albert Bridge, near Windsor, Professor W. 0. 
Unwin gauged, in 1875, one of the highest floods which 
had occurred there for many years. The quantity was 
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14,094 cubic feet per second (yide Minutes of Proceed- 
ings Inst. O.E., voL zliz.)» or 846,600 cubic feet per 
minute. 

Mr. Unwin does not state the drainage area to that 
point of the river, but tracing upon the map of the 
catchment basins, to which allusion was made in a 
former section, a line from that point to the watershed 
on each side of the river, dividing off the lower portion 
of the area, there appears to be a watershed area down 
to that point of 1,700,000 acres, and according to this- 
the quantity would be '5 cubic foot per minute per 
acre, very nearly. The distance down the valley is about 
80 miles. 

On the Severn, at Worcester, the late Mr. E. Leader 
"Williams, the engineer to the Severn Navigation Commis- 
sioners for many 'years, gauged the highest flood he had 
known there {vide Evidence, Eivers Conservancy Com- 
mission, 1877), and the quantity was 24,107 cubic feet per 
second, or 1,^6,420 cubic feet per minute. He does not 
state the watershed area, but measuring this in like 
manner to that above mentioned, there appears to be 
as nearly as can be thus made out 2,000 square miles, 
or 1,280,000 acres, which gives 1*13 cubic foot per 
minute per acre. The distance down the valley is about 
90 miles. 

On the Nene at Peterborough, where the drainage area 
is, according to Mr. Beardmore's tables, 620 square miles ^ 
or 396,800 acres, Mr. W. Shelford stated to the British 
Association at the Dublin meeting in 1878, that a great 
flood there amounted to 8,000 cubic feet per second, or 
480,000 cubic feet per minute, which would be 1 • 2 cubic 
foot per minute per acre of the drainage area. This is at 
about 50 miles below the extreme watershed. 

On the Witham, Sir John Hawkshaw reported to the 
Drainage Committee in 1877, that the area draining into 
the river at Boston (at the Grand Sluice) is 504,000 acres, 
and that the quantity of water in floods to be provided for 
during periods of continuous rainfall would be 318,000 
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cubio feet per minute, or • 631 onbio foot per minute per 
acre. This is at about 60 miles below the extreme water- 
shed. 

On the Shannon, at Eillaloe, it appears, from a paper 
read by Mr. James Lynam before the British Association 
in 1878, that the area of the catchment basin is 4,000 
square miles, or 2,560,000 acres, and Mr. Bobert Manning 
said that the maximum discharge there was 1,600,000 
cubic feet per minute. This would be • 625 cubic feet per 
minute per acre. The distance from the extreme water- 
shed is 140 miles. 

Mr. Bateman said of the same river, before the Water 
Supply Commission, that he had had occasion, in inves- 
tigating the inundations there, to ascertain what was the 
maximum flood to be provided for in all the rivers in the 
basin of the Shannon, and from information which he 
received from Mr. Forsyth, the engineer of the Board of 
Works, who had paid much attention to the subject, and 
from his (Mr. Bateman's) own measurements of the maxi- 
mum floods in several parts of the Shannon, he found that 
1 cubic foot per minute from each acre is a very consider- 
able flood, and that there is no river falling into the 
Shannon, even when the volume of the flood is not 
checked by any lakes, which very materially modifies the 
amount of flood. There is no river which sends down 
more than 1 * 54 cubic foot per minute from each acre of 
ground. 

Mr. James Dillon read a paper at the meeting of the 
British Association before mentioned, on works he had 
carried out on the Upper Inny river, where the area of 
the catchment basin is 273 square miles, or 175,000 acres, 
in which he said that he had measured floods there of 
•4896 cubic feet per minute per acre, being nearly the 
same as the flood gauged by Mr. Unwin, at Windsor. 

In the Eeport of the Commissioners appointed to 
inquire respecting the drainage of the district traversed 
by the river Barrow and its tributaries, in Ireland, in 
1885, Mr. Robert Manning gave evidence of the maximum 
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quantity of water flowing from very large areas during 
floods, as follows: Lough Neagh, 411,520 acres, 0'61 
cubic foot per minute per acre ; Woodford Eiver, 101,455 
acres, 1*12 cubic feet ; Brosna Eiver, a tributary of the 
Shannon, 285,000 acres, 0*72 cubic foot per minute per 
acre in the year 1876, 0-83 cubic foot in 1852, 0-93 
cubic foot in 1851, and from that time to 1885 there had 
been no greater flood than this. 

In the Ballinamore and Ballyconnell district, 90,000 
acres, the quantity was 1*12 cubic feet per minute per 
acre, and from a small area of 3,200 acres in the Dun- 
moran district, county Sligo, the quantity was 3*60 cubic 
feet. 

The largest estimate I remember to have been made of 
the probable quantity of water which might be produced 
by a maximum flood at or near the outfall of a great river 
is that made by Mr. Bateman in respect of the Severn at 
Gloucester, which was 2 cubic feet per minute per acre of 
the drainage ground. 

There is a reservoir at the head of the river Chumet, 
in North Staffordshire, which was constructed solely for 
the purpose of compensation to mills for the abstraction 
of springs elsewhere which formerly flowed into the 
Chumet. 

The watershed area is 6,500 acres, and notwithstanding 
that all the water passes through the reservoir, the waste 
weir was made only 60ffc. long, while the greatest depth 
of water was but 40ft., and the area of the reservoir about 
40 acres. 

It was, therefore, soon filled up, and while it was full, 
on the 7th of August, 1862, a flood occurred, which rose 
upon the waste-weir to the height of from 4ft. 6in. to 5ft. 

This, of course, is a depth far beyond any depths 
which have been experimented upon for the purpose of 
ascertaining the quantity from the observed depth ; but 
as the weir had a clear drop of from 1ft. to 2ft., and the 
waste-water course sloped away from the weir rather 
steeply through the end of the bank, it may not be inap- 
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propriate to the occasion to apply a oo-effioient of * 5 in 

the equation. 

Q = c X h\»J dx Id 

in which 

c = *5, the oo-effident, 
d - 4*5, the depth of water, 
2 = 60, the length of the weir, 
and Q = the quantify in cubic feet per second. 

This being so, 

Q = -6 X 5J X 2-12 X 60 X 4-5 = 1,526. 

To this must be added the quantity going through 
two outlet pipes, one 3ft. diameter, and the o^er 18in., 
which together would discharge 250 cubic feet per 
second, making in all 1,776, or 106,560 cubic feet per 
minute. 

The drainage area is more than 6,500 acres; but as 
there were within the area, above the reservoir, a small 
reservoir and two mill-dams, which together had belong- 
ing to them about 500 acres, the area to be taken for the 
flood-ratio should be 6,000 acres, and dividing the number 
of cubic feet per minute, as above stated, by this area, the 
quantity would be 17 • 76, or, say, 18 cubic feet per minute 
per acre. 

Thus a great flood, reckoned per acre of the ground 
from which it flows, varies much between the upper and 
lower portions of a river-basin, if in the latter case the 
whole river be gauged ; but for any separate smaller area 
near the outfall the quantity per acre would, of course, 
be much greater, and might to some extent resemble that 
proceeding from an equal area in the upper part of the 
basin, in some rivers, but not in all, as may be seen in 
the two diagrams. 

In those characteristics which influence the magnitude 
of floods, no two rivers of nearly the same length could 
differ more than the Thames and the Severn, in the upper- 
third portions of the watershed areas above the tideway, 
although for the lower two-thirds the respective falls are 
not very dissimilar, being in the Thames rather less and 
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in the Severn rather more than 2ft. per mile for 100 miles 
aboTe the tideway, as may be seen f^om the two diagrams 
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Beferring to diagram No. 56, if a position be taken up 
at a point either on the npper branch of the Severn, or 
on the Yymwy, within an average distance of 10 miles 
from the watershed, it will be at a height of about 500 ft, 
above the sea-level. 

The watershed is, on the one hand, 1,550ft. above the 
assumed point of observation; and on the other, 1,250ft. ; 
and between these two great general heights of watershed 
there is a pass which is 250ft. above the assumed point ; 
and the length round that watershed is more than 50 miles, 
and its average height may be about 1,100ft. above the 
point mentioned. 

Thus, then, the surface is very steep, and the rain* 
water descends in streams which fall 500ft. or 600ft. in 
the first 10 miles; in the second 10 miles, 200ft.; in the 
third, 120ft. ; in the fourth, 60ft. ; in the fifth, 30ft. ; and 
forwards to Worcester, a distance of 80 miles or so, the fall 
is a little more than 2ft. per mile : that is, the general rate 
of inclination of the valley, but the river itself varies in 
different parts of its course both above and below that 
average, having in some parts accumulations of gravel 
and other dShns, and in others hard benches of rock across 
its bed. 

The Thames falls but llOft. in the first 10 miles, taking 
a general average of its branches; 67ft. in the second 
10 miles; 37ft. in the third; 22ft in the fourth; and 
forward to Teddington the average fall is somewhat less 
than 2ft. per mile. 

The ground in the upper part of the Severn consists of 
the hard impervious Silurian rocks. 

The Thames comes from the Oolite and other pervious 
grounds in the upper part of the basin, running over a 
tract of Oxford clay, and then crossing the outcrops of the 
greensand and chalk, the area of these permeable strata 
being two-thirds of the whole area of the basin above the 
tideway; and as they absorb a great deal of the rain- 
water and give it out gradually during dry seasons, the 
stream is comparatively strong all through the summer.. 
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The Severn is soon up and soon down, but in the Thames 
there is a more even flow. 

It is very important to regard floods with reference to 
their frequency, as well as their magnitude. A few 
•examples of maximum floods are given above, but they 
^kre such as occur very seldom, and mostly in winter, 
while floods of less magnitude and greater frequency do 
more harm in the long-run. 

Mr. James Lynam said (British Association, Section G, 
1878) of the Shannon floods, that the small floods had 
occurred every year and in every month. They kept the 
land saturated and cold during March,. April, and May, 
which prevented the growth of good grass, and promoted 
the growth of sedge and weeds. . The herbage grows only 
late in the season, and is late coming to maturity, and 
the mowing of the crop is thrown back into the rainy 
season. 

In the large flat meadows there are three qualities of 
land, one letting at £2 to £3 an acre Irish, which would 
be at 24«. to 36^. an acre English, the second letting at 
£4 to £5 per Irish acre, the third letting at £6 to £8 
an acre. (The Irish acre = la. 2r. 19p. English.) 

The difference in the values of the meadows results, not 
from any difference in the soil itself, but &om a difference 
■of the levels of the lands. 

The lands of the highest rents are 9in. to 16in. higher 
than the others, and are above water a month earlier in 
the spring. The sedgy, weedy meadows are the lowest by 
some inches, and are saturated longer than the others. 

The kindness of the soil of these is evinced in many 
places, for on examining it closely numerous plants of 
olover, and some fine species of grass are seen, healthy, 
but small and distant ; and if these lands were freed from 
saturation during spring, summer, and autumn, the clover 
and fine grass would flourish and extend. 

Mr. Brundell,* in his evidence before the Eivers Con- 
servancy Commission in 1877, said that on the river 
♦ B. S. Brundell, Esq., M.Iiist.O.E.^ 
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Don the works he had carried out there wottld not prevent 
the land being submerged by such a flood as occurred in 
July 1872, but it was safe against the more injurioua 
summer floods. 

There is no necessary connection between the storage 
of water in reservoirs and the prevention of floods in the 
sense that on the accomplishment of the one the other 
must necessarily follow, because reservoirs cannot be 
made large enough to effect that wholly ; it must, indeed, 
be effected chiefly by the lowering of the water-level of 
the river ; but nevertheless there is a dependence of one 
on the other to a certain extent. 

Neither is there any practical reason why a river may 
not carry off flood-waters and yet be navigable, in cases 
where both purposes are desired. Duality of purpose is 
not new in engineering works, but rather it is of every- 
day occurrence. 
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Storage op Flood- waters. 

To stand in the middle of an extensive valley, by the 
river, and consider how the injurious effects of floods can 
be prevented, any reservoir for that purpose would seem 
to need to be preposterously large, to have any effect there. 
But that is not the point from which the question should 
be regarded ; it would be beginning at the wrong end ; 
rather, let every thousand acres downwards from the 
watershed be considered separately, or at most in areas of a 
few* thousand acres together, and making sure provision 
for the floods of each, proceed step by step towards the 
middle and lower portion of the valley. 

It is said that in France this question has been dis- 
cussed since the year 1856 with regard to the valleys of 
the Seine, the Ehone, the Loire, and the Qaronne (vide 
Foreign Abstracts, Minutes Proc. Inst.C.E., vol. IxvL, 
" On the InsuflBoiency of Eeservoirs for Diminishing 
the Danger of Floods," by M. Gros), and that in the case 
of the Garonne a reservoir capacity of 720,000,000 cubic 
yards would be required^* to protect Toulouse" from a 
flood similar to one which occurred there in 1875, and the 
conclusion is that the reservoirs which had been proposed 
for providing against floods in these vast areas must be 
abandoned. No doubt the French engineers have suffi- 
cient reason for coming to this conclusion, on this scale 
of things. 

The Seine, as appears upon a geographical map of 
France, is 400 miles long, and drains 30,000 square miles ; 
the Loire is 530 miles long, and drains 45,000 square miles ; 
and the Garonne is 300 miles, draining 32,000 square 
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miles, and the Ehone 35,000 square miles in France besides 
a farther tract in Switzerland ; indeed, these four rivers 
appear to drain about two-thirds of the whole country. 

But for the purposes of river-conservancy in England 
the requirements are less grand. Here we have in 
England and Wales but 58,186 square miles altogether, 
divided into 211 distinct watershed areas or river-basins. 
Many of these, however, are not injuriously affected by 
floods. The number is made up by 54 draining 7,046 
square miles towards the south coast, being an average 
of 130 square miles ; 30 draining towards the east coast, 
an area of 16,084 square miles, the average being 536 ; 
29 draining towards the north-east coast, an area of 13,291 
square miles, being an average of 457 ; 17 towards the 
north-west coast, draining an area of 2,345 square miles, 
or an average of 138 ; and 81 on the west coast, draining 
19,029 square miles, or an average of 236 square miles each. 

Even these are large areas, and a thousand or two 
thousand acres is a very small part of some of them, and 
the regulation of the flow off the ground of excessive 
rainfalls on any such area would do but little to mitigate 
the effects of floods in the lower part of such large areas. 
But it stands good for its own position, and if it deals 
with floods upon its own area it is an effectual work, so 
far ; and the effect may be extended downwards to any 
distance to which favourable sites extend. 

Where the provision for regulating floods can be com- 
bined with a useful reservoir the expense would be very 
much less. 

An example has been given of a reservoir and of a 
regulating dam, each made separately, the reservoir to 
contain 46,000,000 cubic feet for a drainage area of 2,000 
acres where the averas^e annual rainfall is 33in., and the 
dam to contain 12,000,000 cubic feet per thousand acres of 
the drainage area irrespective of annual rainfall. 

Let an example now be taken in which the two aro 
combined: The rainstorm producing 4in. in depth of 
water, of which a quantity equivalent to 3in. in depth 
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might flow into the regulating dam in a short time, was 
taken in the preceding examples as proceeding &om 
1,000 acres of ground; but it might extend over the 
whole 2,000 acres taken as the drainage area in the 
example of the reservoir, and in that case 24,000,000 cubic 
feet of water would have to be provided for in addition to 
the 46,000,000 of the reservoir, making together 70,000,000 
cubic feet. This would be impounded bj an embank- 
ment 70ft. high. 

The quantities of earthwork in embankments of dif- 
ferent heights on the same site are proportionate to the 
cubes of the heights, if to the height of the bank itself be 
added a height equal to the width of the top of \hQ bank 
divided by the ratios of the two slopes added together ; 
thus, if the slopes are 3 to 1 and 2 to 1 respectively inside 
and outside, and the top width of the bank is 20ft., 

20 
= 4ft. to be added to the actual height of the 

embankment to find the apex in which the prolongation 
of the two slopes would meet, and to which point the 




^-^ 



-W" 



Fig. 58. 
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Fig. 59. 

height is to be measured. Fig. 58 being a cross-section, 
and Fig. 59 a longitudinal section of an embankment, the 
cubic contents are — 

L X H X tg -I- t<?^ 
2x3 
In many embankments some part of the ground towards 
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the middle of the bank is more or less flat, but for the 
purpose of comparing tbe quantities of earthwork in 
embankments of different heights, the side slopes may be 
assumed to meet in a point, somewhat lower than the 
actual surface of the ground at the middle of the bank. 
If there are on a particular site 80,860 cubic yards in an 
embankment 60ft. high above this point, there would be 
in one 70ft. high — adding in each case 4ft. for the apex — 
(64)3 . (74)3 . . 80,860 : 125,000 cubic yards, and, deduct- 
ing the puddle wall, the embankment would be 116,000 
cubic yards, for a storage-room of 46,000,000 cubic feet, 
with tiie addition of a space of 24,000,000 cubic feet to 
receive a flood from 2,000 acres. 

The water coming into the 46,000,000 cubic feet space 
would be discharged by the same valves and in the same 
manner as has been described, the only difference being 
that the valve-tower would be lOffc. higher, and the water 
which would rise into the upper space of 24,000,000 cubic 
feet would be discharged by a separate sluice, nearer the 
end of the bank, at the level at which the waste-weir 
would otherwise be laid, and by the same means as was 
before described for a separate dam, there being for thia 
discharge a separate culvert ; and it might advantageously 
be placed near that end of the embanknxent at which the 
bye-wash would be made, and might discharge into it. 

The sill of the sluice would be laid at a depth of 10ft. 
below the assumed top-water level of the flood space, 
leaving the lower space, or reservoir proper, intact ; but 
the invert of the culvert should be laid a foot lower. In 
the other case the height of the sluice-opening was> 
described to be greater than the width ; in this one the 
width should be the greater, and it may conveniently be 
made twice the height. 

In this reservoir there would be a depth of 10ft. above 
the level, which would otherwise be the top-water level, 
to contain a flood, instead of its running, away over the 
waste-weir otherwise provided at the height which allows. 
46,000,000 cubic feet of water to accumulate before any 
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passes over it. The top- water level is 10ft. higher, and 
the top of the bank is 6ft. higher still. 

This provision of 24,000,000 cubic feet of space for a 
flood stands instead of the provision of a waste-weir and 
bye-wash, which, logically, are unnecessary. Bnt to run 
no risk let them be provided, although they will not be 
required, in all probability. But they need not be so 
capacious as if no such flood-space were provided. Let 
them be of half the capacity. The estimate wojild then 
stand thus : — 

Qoantity. Price. 

t, a. t. 

Clearing the seat of the embankment.. 15,600 sq. yd. 2 130^ 

Ezcayationofthe puddle trench.. .. 13,000 c. yd. 5 3,250 

Clay puddle 22,000 „ 2 6 2,750 

Embaiikment 116,000 „ 16 8,700 

Bead on top of embankment .. .. 1,000 sq. yd. 2 100 

Covering the mner slope with stone .. 9,000 „ 2 900 

Soiling the outer slope 7,200 „ 2 60 

Excavation for culverts and valve-tower 5,000 c. yd. 4 1,000 

Ditto for bye-wash 2,000 „ 1 lOO 

Concrete in foundations.. 500 „ 6 150 

Ditto in bye-wash 1,200 „ 7 420 

Brickwork in culverts and valve-tower 900 „ 24 1,080 

Gravel puddle .. .. 800 „ 4 160 

Stone sills, caps, cq>ing, &0. 1,200 eft. 2 120 

Valves, sluice, and other ironwork 30O 

Footbridge 200 

Gauge-weir lOO 

19,520 
Contingencies 1,980 

21,500 
Land and fencing .. .. 6,500 

£28,000 

Adding to this a sum of £3,000 for expenses other than 
those of works and land, the cost of the combined reser- 
voir and regulating dam in this situation would be 
£31,000, and deducting the cost of the reservoir alone, a& 
found before — ^viz., £22,000 — ^the cost of the provision for 
floods thus combined with a storage reservoir would be 
£4 10«. per acre, or equivalent to a yearly contribution, 
at 5 per cent., of 4«. 6d per acre. 
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Thirty-three inches annual rain&U, adopted in the 
example of a storage reservoir, is not far &om the average 
of the whole of England and Wales, but the average of 
the upper and middle portions of the river-basins is 
greater. 

The work about which these general remarks are made 
can be practically dealt with in no other way than by 
taking each case as it arises with its attendant circum- 
stances ; but we may give one otber example, with a more 
extended area and a greater rainfall, where the area is 
3,000 acres or a little more, and the average annual rain- 
fall is a third greater than that before assumed, i.e., where 
it is 44in. Here the mean of three consecntive years of 
least rainfall would be about 36in., and deducting 12in. 
for evaporation, &c., the available annual depth is 24in. 
This yields, by means of a reservoir, a daily quantity the 
year round of 720,000 cubic feet. If one-third be dis- 
charged into the stream, there are left for supply 480,000 
cubic feet per day, or 3,000,000 gallons. 

Where there is this amount of rainfall there will pro- 
bably be a greater number of wet days than where the 
amount is but 33in., and the number of days' supply the 
Teservoir should hold would therefore be less. Let it be 
assumed that 150 days would be in this case the proper 
length of time during which the storage must be de- 
pended upon. This would indicate a reservoir capacity 
of 108,000,000 cubic feet. 

If the same proportions be followed as before, this 
quantity would be contained in a reservoir having a 
depth of 72ft. at the site of the embankment ; but let the 
depth be taken at 74ft., and the height of the bank at 
BOft. The top width of the other banks is assumed to be 
20ft. ; in this one let the top width be 24ft., or if the 
20ft. be retained, let the quantity of earth equivalent to 
the extra 4ft. be added in benches on the outer slope. 
The embankment would then contain, after deducting 
the puddle-wall, 174,000 cubic yards, and the estimate 
for this reservoir would be as follows : — 
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Quantity. Price. 

i. d. £ 

Clearing the seat of the embankment . . 21 , 600 sq. yd. 2 180 

Excavationof the puddle trench.. .. 20,400 c. yd. 5 5,100 

Clay puddle 32,400 „ 2 6 4,050 

Embankment 174,000 „ 1 6 13,050 

Boad on top of embankment 1,200 sq. yd. 2 120 

Covering the inner slope with stone .. 13,000 ^ 2 1,300 

Soiling the outer slope 9,600 „ 2 80 

Excavation for culvert and valve-tower 5,500 c. yd. 4 1,100 

Ditto for bye-wash 6,000 „ 1 300 

Concrete in foimdations 550 ^ 6 165 

Ditto in bye-wash .. ..^ 3,200 „ 7 1,120 

Brickwork in culvert and valve-tower.. 1,000 „ 24 1,200 

Gravel puddle .. 900 „ 4 180 

Stone sills, caps, coping, &c 2,000 eft. 2 200 

Valves, &c 270 

Footbridge 230 

Gkiuge-weir 200 

28 840 
Contingendefl 2,^860 

31,700 
Land and fencing 9,300 

£41,000 

To this, for other expenses than those of works and 
land, let £4,000 be added, making £45,000. This, for a 
storage of 108,000,000 cubic feet, would be about £420 
per million. 

To complete the form in which we desire to put this 
question of water-storage combined with flood-regulation, 
let now 24,000,000 cubic feet of space be added to this 
reservoir, which is assumed to be of suitable capacity for 
an area of 3,000 acres, and an average annual rainfall of 
44in., while at the same time it is assumed that one rain- 
storm in any district of a few square miles amounts to 
4in. in depth over an area of 2,000 acres oilly ; and that, 
of this depth, three-fourths run directly off the ground, 
making 24,000,000 to be added to 108,000,000, or together 
requiring a space of 132,000,000 cubic feet. 

This would be impounded by an embankment 86ft. 
high, which would contain, after deducting the puddle- 
wall, 214,000 cubic yards, and the whole cost of this 
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reservoir, with the addition of the flood-space above 
mentioned, would be £45,000 for works and land, to 
whioh may be added £5,000, making £50,000. This 
reservoir would equalise and render usef al the streams of 
•3,000 acres of ground, and the addition of the flood-space 
would protect that area from any demand for contribution 
towards the funds of a river conservancy. 

If the supply of water from the reservoir, viz., 
3,000,000 gallons per day, pays for its construction and 
attendant expenses, the cost of this flood protection would 
be very small, being £5,000 for 3,000 acres. 
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SECTION XXVIII. 

Belief of Land from Floods. 

The question of relieving lands from floods ought, in the 
first instance, to be considered acre by acre downward 
from the top of every hill, for the purpose of seeing 
whether and to what extent the excessive rainfalls may 
be prevented from descending into the valley too sud- 
denly, and in what manner that should be done, should it 
be possible to effect the object by any such means ; and if 
not, to see what provision is necessary in the valley itself, 
by way of removiug obstnictions in a river-course, or 
enlarging it, or limiting the lateral spread of the waters 
by embankments, or by a combination of the two latter 
means. 

The numerous deputations of landowners to the Local 
Government Board have set forth, and the same thing has 
been stated in Parliament, that it is a hardship to tax the 
upper lands in a river-basin for the benefit of the lower 
lands, or that portion of them liable to floods. The extent 
of land liable to floods is small in comparison with the 
whole area of a river-basin, and the objectors to these pro- 
positions have said that if improvements in valleys will 
pay, the owners of those lands will carry out the works 
required, and that if they will not pay, it is unjust to tax 
the larger area for the benefit of the smaller. That would 
be so if the proprietors of the upper lands were innocent 
of contributing to the floods of the valleys ; but, from a 
consideration of the following circumstances, it would 
appear that they are not so. The bed of the river belongs 
to the proprietors of the adjoining lands, as far as the 
centre from each side. 
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It is carious, it may be incidentally remarked, tliat the- 
bed of a river, which no one can see or touch, should 
belong to the proprietor of the adjoining land, but it may 
be so on the principle that it must belong to somebody, 
and, except the lord of the manor, there is no other person 
to whom it could belong, excepting also those cases in 
which it may have been transferred by Act of Parliament 
to another proprietary, and those in which, by another 
right, it belongs to the Admiralty Board, or to the Board 
of Trade, by transference to that department, that is, 
within the high-water mark of the tideway; but with 
these exceptions the river-bed belongs to the owners of the 
adjoining lands, and yet the proprietor of non-riparian 
lands uses the river-bed for the conveyance of water from 
his land to the sea, and that, too, without so regulating 
its flow as to prevent the lower lands being flooded by it. 

It is proposed to divide the lands of a river-basin into 
three parts, lowlands, midlands, and uplands. Taking 
the uplands and midlands as one, they might amongst 
them contribute, say, one-half of the amount, the other 
half being paid by the flooded lands. 

If in any river-basin one-tenth of the whole area were 
subject to floods, and if the cost of relieving that portion 
from floods were £9 an acre, the statement would be : — 

£ «. d. 

1 acre of flooded land 4 10 

9 other acres 4 10 



9 



The average amount per acre to be paid by the other 
lands would thus be 10«., which would be one-ninth of 
the amount per acre paid by the flooded lands, and at 
5 per cent, interest it would be 6(2. per acre per annum. 
If only one-twentieth of the whole area of a river-basin 
be subject to floods, the statement would be : — 

£ «. d. 

1 acre of flooded land 4 10 

19 other acres 4 10 

9 
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And the average amount to be paid by the other lands 
would be a little less than 5«. per acre, or one-nineteenth 
part of the amount per acre paid by the flooded lands ; and 
^t 5 per cent, interest it would 1be od. per acre per annum. 
But it may be said that while this or that might be a fair 
average, acres differ from other acres in value, and that 
moorlands ought not to contribute so much as cultivated 
lands. If so, and no doubt it may be so, the nearest 
approach to an absolutely accurate basis is the rateable 
value of each description of land, the average of the whole 
amounting to the average rate required. 

Neither would the flooded land be equally rated per 
acre ; but in this case the proper basis would be the rela- 
tive frequency of the floods to which the different parts 
are subject, as (1) to minor floods, which may occur every 
year ; (2) great floods, which may not occur oftener than 
once in three years; and (3) the highest floods, which 
may not happen more than once in six years or a longer 
time. Where the records of the relative frequency of 
ihese floods in times past are not sufficiently numerous or 
accurate, an approximation by levels may be made, such as 
Bft., 12ft., and 14ft., respectively, above the summer level 
of the river as a datum ; and each level might contribute 
in something like the following proportions : — 

£ «. d. 

The lowest level 6 per acre. 

The middle level 4 10 „ „ 

The highest level 3 „ „ 

Average 4 10 „ „ 

But this could only be properly adjusted after relative 
areas of the three levels of any case had been ascertained ; 
and indeed the whole statement is but an indication of 
data. Much labour is necessary to be undertaken in 
each particular case, before the true proportions can be 
found. 

It is not, however, agricultural lands only which suffer 
from floods ; towns suffer greatly. The proper basis upon 
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which they shotdd oontribute to the river oonservancy 
fund would be probably the same as that for land, if they 
oontribute at all ; but the more likely thing for a borough, 
or a local board district, or the district of a town's im- 
proTement commission, is that the Corporation or the 
Board would themsdves do what is necessary within their 
own boundaries to provide such a passage for the river a» 
would injure no land above the town, tbstt is, to make and 
maintain the water-level standard at the upper boundary 
of their district e£Scient for the drainage of all lands above 
that point. 

It would hardly be practicable to rate a town for any 
purpose requiring the fund to be expended beyond the 
boundary; it would not indeed be possible without an 
alteration of the law in that respect, but even if this were 
done there would remain the difficulty of an amicable 
agreement between the town authorities and the general 
conservancy board on the proper contribution of the 
town. 

As the free flow of a river through a town is much 
obstructed, it is undeniable that towns should contribute 
in greater proportion, if at all, and should at least keep 
down the water-level at the upper boundary so as not to 
flood the land above the town ; but besides this, the water 
flowing from the town area increases the floods in tiie 
river at the lower boundary to a greater than an average 
degree per acre of the drainage area. 

The water-supply brought into the town by other 
means and from another source runs into the river through 
the sewers ; but its proportionate volume to tiiat arising 
from a heavy rainfall is very small, being that of the dry- 
weather flow of the sewers only ; but the same depth of 
rainfall upon an area built upon contributes a greater 
quantity of water per minute to the river than does an 
equal area of agricultural land, as it runs off more quickly, 
and therefore ^e town is justly liable to a proportionately 
greater rate of contribution per acre of its area. 

The proper proportion wo^d be, that between the rate 
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of flow off the ground from a given depth of rainfall on a 
steep hill-side of hard and impermeable rock, and that 
from the average of all the land in a river-basin, because, 
whether the town be hilly or flat, its surfaces throw off 
the water quickly ; and if that proportion be regarded, it 
would be, say, as 18 (12 to 24 cubic feet per minute per 
acre) to 1 J (1 to 2 cubic feet per minute per acre), or as 
12tol. 

But the municipal authorities would prefer to do at 
their own expense what is necessary within their own 
boundaries. Where, however, land is built upon in rural 
districts — as in the case of small towns in rural sanitary 
districts — ^the same principle is applicable, although the 
proportion may not justly be the same, because the 
ground is not so completely built upon, on the average of 
the town area, as it is in large towns, and therefore the 
volume of water contributed to a river from a given area 
under a given rainfall is proportionately less, and might, 
perhaps, be not unjustly stated at one-half that of the 
other case, and if so, the rate per acre of contribution to 
the river conservancy fund would be 6 to 1 of the agricul- 
tural land in the same river-basin above the flood- 
level. But perhaps the basis of rating towns which has 
been proposed by Mr. Bailey Denton * would more accu- 
rately meet the case. 

In respect of the higher lands of a river-basin, however, 
the great question of all is whether some means of regu- 
lating the flow of the excessive rainfalls off the ground 
cannot be adopted, which would change the whole question 
from one of aid to the lower lands to one of absolute 
benefit to the proprietors of the upper lands ; whether, as 
the rain first descends upon them, they may not be 
enabled to exercise their prior right in the possession of 
the water ; and if the adoption of such means should bo 
of no greater benefit than would be equal to the liability 
to contribute to the freeing of the lower lands from floods^ 

♦ J. Bailey Denton, Esq., M.InBt.O.E. 

T 2 
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it wotdd at least dispose of the difficulty of terms of 
oontribution. But, in fact, it would do a great deal 
more. 

A large riyer-basin contains within it hills, not usually 
80 high as the main watershed, but still of considerable 
height, along the tops of which lie the watersheds of the 
minor rivers and streams. The ground is as various in 
character as the several geological formations — some hard 
and igneous ; some which, although of sedimentary origin, 
have been changed in character by contact with igneous 
rocks ; some more slaty and others containing more clay ; 
others again of limestone, and some of sandstone and shale ; 
some of chalk, oolite, and lias. 

Accordingly the hill-sides of a river basin are various 
in the character of the surface ; in one case it is pretty 
even and descends to the valley almost in one unbroken 
slope ; in another it is broken up into ravines ; and in 
others the chief feature of the river basin is a number of 
tributary streams on which proper sites for storage reser- 
voirs exist. It has been strongly insisted upon that it is 
impossible to prevent floods in rivers by the construction 
of any reservoirs whatever, but that cannot be wholly 
assented to, although for the larger part of the area of any 
river-basin it is true. 

For instance, in 1,000 square miles — to go no further, 
although some of the river-basins are much larger than 
that — ^there are 640,000 acres, and assuming 10 per cent, 
to be subject to floods, there would be 576,000 acres above 
flood-level ; but it is only the higher parts of this area 
which could be dealt with by storing or regulating the 
water flowing from them ; that from the larger portion of 
the area must continue to flow directly to the river and 
larger streams. But, looking broadly at the question, the 
river may be said to be equal to its duty of carrying off 
the water which comes to it, and it is only the top of the 
flood, as one might say, which needs keeping back for a 
time until the river has begun to subside, and it may not 
be impossible to do this on the higher portions of the 
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area, though not necessarily, for this purpose, on the ' 
highest, as is the case in waterworks reservoirs. 

When an engineer looks for a site for a storage reser- 
voir, or perhaps for several reservoirs, for the supply of a 
town, the elevation must be sufficient, and in general 
must be great, the best water being usually found at the 
greatest distance, and a great distance requires a corre- 
spondingly great fall in the conduit ; and as for economy, 
there must be only one conduit to supply all parts of the 
town, high as well as low ; the choice of site for a reservoir 
is therefore very limited, and is usually found only within 
some few thousand acres of the upper part of a river-basin, 
and not far from the main watershed. 

But the same difficulty does not arise where the object 
is merely to control the flow of a bulk of water so that its 
discharge may be gradual, and prevent the river over- 
flowing, for as relative elevation need not be regarded, a 
wide range is afforded for the choice of sites for reservoirs; 
and, moreover, control of the water may be managed in a 
different way from that of the construction of reservoirs 
properly so called, in those river-basins where the geolo- 
gical formation and the character of the surface are 
favourable. 

There are two respects in which the regulation of the 
flow of excessive rainfall off the ground is to be regarded : 
that of absolute storage for a considerable length of time, 
and that of merely regulating the flow, or controlling th^ 
water until the flood in the river has begun to subside ; 
and we will offer a few remarks upon the practicability of 
this, presuming that the owner of these high lands will 
have — if, indeed, already he has not — power to make such 
charges for the use of water as will be sufficiently remu- 
nerative, or at least will be equivalent to his liability in 
the matter contemplated by one or two Bills which have 
been before Parliament. 
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SECTION XXIX. 

Eequlation op Flood Watebs. 

In the year 1877 an Act was passed for England and 
Wales, and for Ireland, which gives fiioilities to land- 
owners in the construction of reservoirs and similar works, 
on the ground that *' in many places it would greatly con- 
duce to the affording of a plentiful supply of water to the 
inhabitants of villages and towns, and to the industrial 
requirements of the locality, if facilities were given to 
landowners of limited interests to charge their estates 
with sums expended by them in constructing reservoirs 
and other works for the supply of water, of a character 
permanently to increase the value of such estates for other 
than agricrdtural purposes ;" and vnih. this Act is incor- 
porated the Waterworks Clauses Act, 1863, with respect 
to the security of reservoirs, and also the Improvement of 
Land Act, 1864 ; and the supply of water from reservoirs 
so constructed to sanitary and other local authorities, and 
to manufacturers and other persons, is deemed in this 
Act an improvement of the land within the meaning of 
the Improvement of Land Act of 1864, if the construction 
of such works will effect a permanent increase in the 
value of the land, or produce a greater income ; and there 
would be this further advantage to land within the water- 
shed area appropriated to any such reservoir, that in 
respect of any contribution to funds for the prevention or 
mitigation of floods lower down the valley, the watershed 
area so appropriated would properly be exempt, the reser- 
voir being so constructed as to either store or regulate the 
flow of flood waters from its watershed area. 
In connection with this subject, numerous instances of 
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beavy rainfalls may be seen in Mr. Symons*8 records of 
rainfall as follow: — ^In one day, 3in., 3*12in., 3*31in., 
3 • 34in., 3 • 42in., 3 • 47in., 3 • 55in., 3 • 65in., 3 • 70in., 3 • 75in., 
3-80in., 3'90in., 3-92in., 4-20in., 4'24in., 4-27in.; bo 
that we may say 4in. depth of rainfall may occur in 
24 hours, being at the average rate of ^in. per hour. 

But a greater depth per hour often takes ^lace during 
shorter periods of time; as, for instance, •27in. in 3 J 
minutes, *31in. in 5 minutes, l*48in. in 20 minutes, 
*64in. in 30 minutes, *75in. in 1 hour, l*53in. in 
2^ hours, 2*60in. in 3 hours, 3*60in. in 4j^ hours; and 
again, -SOin. in 10 minutes, '68in. in 15 minutes, l*25in. 
in 30 minutes, lin. in 40 minutes, l*39in. in 45 minutes, 
l'78in. in 1 hour, 2*10in. in \\ hour, 2*61in. in 2 hours, 
and so on ; and it was remarked in 1878 by Mr. Symons, 
that in every year there is sure to be a fall, somewhere in 
England and Wales, of at least *30in. in 15 minutes, or 
\ in. in 30 minutes, or *60in. in 45 minutes, or *70in. in 
1 hour, or *80in. in 2 hours. 

Eoferring to what has already been said of the quantity 
of water running off the ground, as proved by stream- 
gaugings, assisted sometimes by approximate estimates of 
the quantity derived from other measurements, 30 cubic 
feet per minute per acre of the watershed area has been 
found to run off, or 500 cubic feet per second from 
1,000 acres, if the rainstorm extends over that area. This 
is equivalent to Jin. depth of water over the ground 
running off in an hour, and exceeds the *80in. in 2 hours 
mentioned by Mr. Symons ; and it exceeds it, moreover, 
in another respect, inasmuch as though this 30 cubic feet 
per minute per acre is the quantity running off the ground, 
it would probably fall in less time. Eainwater never 
does, in fact, run off as fast as it falls ; nor does it extend 
over any large tract of ground with the intensity indi- 
cated in the examples mentioned. 

Where the ground is of a porous nature, as some of the 
stratified formations are, it may become saturated with 
water during long-continued wet weather before the 
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heavy rainstorm begins, and yet even in this case it does 
not run off at the same rate as that with -which it falls ; 
for where the ground does become saturated in this way 
it is comparatively flat, and the depth of water may be 
seen during the rainstorm to increase where it falls, which 
is a fixed proof of the proposition ; and even where the 
ground consists of hard, bare, and precipitous rocks, and 
the surface consequently is steep, the time of falling of 
the rain is not so long as the time of running off. 

In taking therefore ^in. in depth as the quantity run- 
ning off in an hour, at the rate of 30 cubic feet per minute, 
it may be regarded as representing a rainfall of more than 
Jin. in an hour. The comparative times on different kinds 
of ground and forms of surface cannot be stated from 
exact observations for every kind of ground in a general 
form, but an approximation is two-thirds of the rainfall 
running off in the time in which it falls, in excessive 
cases such as those mentioned, so that where ^in. in an 
hour is found by gaugings to run off the ground it would 
probably represent a rainfall of |^in. in that time. But as 
in floods it is extreme cases which must be provided for, 
let the case be calculated on the basis of lin. of rainfall in 
an hour running off the ground at the rate of fin. per 
hour, or at the rate of 40 cubic feet per minute per acre of 
the area. 

The question then arises, how much of this during the 
same time will the river carry off without overflowing, 
after the shoals which have accumulated have been re- 
moved, and in some cases benches of rock across the river's 
bed have been excavated, and other unnecessary obstruc- 
tions removed ? 

The difference between these two quantities is that 
which would be dealt with by storage or regidation ; that 
is by storage when there is or may be by storage created 
a demand for water for power, or in the other case by 
regulation only where there would be no such demand. 
If a river be examined and its capacity for carrying off 
flood waters be ascertained, the quantity so found deducted 
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from that which proceeds immediately from the rainfall 
is the quantity to he dealt with hy storage or regulation 
as the case may be. Such observations as I have been 
able to make point to the probability that, approximately, 
the river will carry off 20 cubic feet of water per minute 
per acre of the ground over which these heavy rainfalls 
extend, and where that is so 20 cubic feet per minute per 
acre would accumulate in the reservoir, or in the regulating 
dam, until the river-flow had begun to subside, or had 
subsided to a given level. 

It is easy to fix this level by observation of the river in 
each case, and when fixed upon the outlet valves can b© 
made to open and close, to any degree required, by means 
of the action of the rise and fall of the water itself, and 
the contents of the regulating dam can be discharged in 
any extended time desired, the discharge commencing when 
the river is in a proper condition to carry off the water. 

The capacity of a reservoir or of a regtdating dam 
proper for any given situation must be determined on the 
basis of a given quantity of water flowing from a known 
area of ground, as an acre or a thousand acres, constituting 
a part or the whole of the area appropriated, or from 
which the water to be dealt with flows ; and that quantity 
varies vdth the position in which works may be constructed. 

A reservoir for the purpose of storing or regulating the 
flow of water off the ground may be made either on the 
extreme upper part of a river-basin — that is, within the 
few thousand acres contiguous to the main watershed — 
or it may be made lower down towards the valley; 
wherever, indeed, the most favourable sites exist, although 
these will seldom, if ever, be far down the valley ; for a 
favourable reservoir site is one in which the opposite hill- 
sides approach each other at a spot where an embankment 
may be made, and where the ground above the site of the 
embankment widens out, so that with a comparatively 
short bank a large quantity of water may be impounded. 

The variable quantity of flood water per acre of the 
watershed area, according to the position of the place of 
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observation with respect to its being in the upper or the 
lower portion of a river-basin, shows that the cubic capacity 
of the reservoir per acre of its watershed area must be 
different in the two cases, notwithstanding that the same 
depth of rain may fall in either position for a short time ; 
and the cause of difference between the two cases is that 
in the one the heavy rain may extend over the whole 
watershed area, when it is not very large, while in the 
other it would extend over part of the area only. This is 
found to be so by actual observation within the areas of 
5,000 to 8,000 acres belonging to reservoirs in the upper 
parts of river-basins, for where there are several streams 
within such an area, divided by subordinate watersheds, 
it is frequently observed that one of the streams is much 
more swollen than another. 

The sites of reservoirs, formed by making an earthen 
embankment across the stream from one hill-side to the 
opposite one, vary much in respect of the quantity of 
water capable of being impounded by embankments of the 
fiame height, and in the area covered with water. 

The following are examples of the actual capacities of 
different sites. Taking three different reservoir-sites 
which vary amongst themselves about as much as many 
others do in respect of holding-capacity with various 
heights of bank, and ascertaining their capacities at each 
of the top-water levels of 20ft., 28ft., 36ft., 44ft., 52ft., 
and 60ft. above the seat of the embankment in each case, 
the following capacities with various heights of bank 
appear. {See next page.) 

The track of a great rainstorm such as those producing 
Bin. depth of water in a day, or even 4in., may extend to 
3 miles in length and a mile in width. This would cover 
nearly 2,000 acres of ground ; and let the depth actually 
running off from it be 3in., which would be an extreme 
case. The quantity due to such a depth over that area 
would be 2,000 X 43,560 X '25 = 21,780,000 cubic feet; 
but let the capacity of the regulating dam be 24,000,000 
cubic feet. 
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That would be at the rate of 12,000 cubic feet per acre 
of the ground on which the rainstorm falls ; and where 
the regulating dam is not combined with a storage 
reservoir for other purposes that seems sufficient, for if it 
provides for the reception of a sudden rainfall of 3in. over 
2,000 acres of ground, it may be reckoned as pretty certain 
that no second rainstorm will succeed one of that intensity 



Area. 



Capacity. 



Height of embankmiBnt, 24ft. . 
Oieatest depth of water, 20ft. 



Height of embankment, S2ffc. . 
■Greatest depth of water, 28ft. 



Height of embankment, 41ff;. . 
Greatest depth of water, 36ft. 



Height of embankment, 49ft. . 
Greatest depth of water, 44ft. 



Height of embankment, 57ft. . 
Greatest depth of water, 52ft. 



Height of embankment, 66ft. • 
Greatest depth of water, 6dft. 



16i 
23i 
81i 

21i 
84i 
41J 

26i 
47i 
55i 

84 
59 
76J 

44i 
75J 
94i 

49} 

96i 

llOJ 



cubic feet. 
6,750,000 
10,500,000 
15,750,000 

13,250,000 
21,000,000 
28,500,000 

21,500,000 
84,500,000 
45,500,000 

82,000,000 
53,000,000 
68,500,000 

46.000,000 
75,250,000 
98,250,000 

62,500,000 
105,500,000 
134,000,000 



until long after that one has been discharged by the 
river. 

Such a rainstorm may occur in any portion of the upper 
part of a river-basin, and therefore it may be said that 
reservoirs would require to be numerous to meet all con- 
tingencies, and that, no doubt, is so ; they would reqtdre, 
indeed, to be made on every favourable site, whether it 
be favourable for a large or a small reservoir; but for 
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2,000 acres it wotdd be as above stated. In situations, 
however, where a reservoir may be constructed for other 
useful purposes on the basis of storage of the average 
annual rainfall of three successive dry years, such as that 
of 46 million cubic feet for a watershed area of 2,000 acres 
where the average annual rainfall is 33in., and where 180 
would be the proper number of days* storage, one reservoir 
may be made to serve both purposes, by providing in 
addition to the capacity of the ordinary reservoir a space 
of 24 million cubic feet. In this case, from the ordinary 
reservoir the water would be discharged near the bottom, 
or in any case below the top-water level, and from the upper 
space or regulating reservoir-room it would be discharged 
at the top-water level of the ordinary reservoir through 
an opening which would discharge a given maximum 
quantity per minute, whatever height the water may rise 
to, so that in regularity of discharge it would act auto- 
matically. As the surface of the water in the ordinary 
portion of the reservoir would vary in altitude below a 
certain height, a heavy rainstorm may amount to no 
greater quantity than will fill it up to its standard height,, 
but when this portion is full, or nearly so, the water of a 
heavy rainstorm will rise into its own space and be 
discharged by its own outlet. 

With respect to the economy of constructing reservoirs 
in such situations as those indicated, some of which might 
be for purposes of water-power or for water-supply to the 
villages near them and to towns farther off, while some 
might be solely for the purpose of regulating the flow of 
water off the ground and preventing floods so far as they 
might command considerable watershed areas, it should 
be said also that in the year 1875 a large area of land in 
the midland counties of England was flooded by a depth 
of from lin. to 2in. of rain falling continuously during two 
or three days — ^amounting, that is to say, to that depth in 
that time. Such a state of things could not, of course, be 
much affected by the construction of any reservoirs of 
practicable dimensions, such as those mentioned, but it 
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need not therefore be concluded that such reservoirs 
-would be useless ; they would be perfectly successful for 
the purposes named, and as far as the ground appropriated 
might extend in each case. 

It comes to this, that where a reservoir is calculated on 
the basis mentioned, viz., to store and distribute day by 
day an equal portion of the rainfall of three successive 
years of least rainfall, an additional space equal to that of 
one heavy rainstorm within the watershed area of the 
reservoir should be provided to receive it, hold it tempo- 
rarily, and discharge it into the river when the flood 
below has so far subsided as to enable the river to carry 
off the water. 

' A rainstorm 3 miles in length and a mile wide, covering 
nearly 2,000 acres of ground, and of such intensity that a 
depth of Sin. of water over the whole of that area pro- 
ceeds from it, has been taken as an extreme instance to be 
provided for, and which would be provided for by a space 
of 24 million cubic feet. If in this situation a reservoir 
for the storage and equalisation of the rainfall of three 
successive years, as before mentioned, were made where 
the average annual rainfall is 33in., and where 180 days' 
storage should be provided, the capacity of the reservoir 
would be, say, 46 million cubic feet, and would be found 
at one of the sites mentioned with an embankment 
41ft. in height, the greatest depth of water being 36ft., 
and covering an area of 56 acres ; or it would be found at 
another of the sites with an embankment 46ft. in height, 
the greatest depth of water being 41ft., and covering 
an area of 66 acres ; or at another of the sites with an 
embankment 57ft. in height, the greatest depth of water 
being 52ft., and covering an area of 45 acres. 

K to this ordinary reservoir there be added 24 million 
oubio feet of space for a regulating dam, the whole capa- 
city would be 70 million cubic feet. This would be found 
at one of the sites already mentioned with an embank- 
ment 50ft. in height, the greatest depth of water being 
45ft., and the area 78 acres; or it would be found at 
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another of the sites with an embankment 55ft. in height, 
the depth of water being 50ft.9 and the area 73 acres; 
or at another with an embankment 70ft. in height, a 
depth of water of 64ft.y and an area of 53 acres. 

In the case of a la^er area, say 5,000 acres, and with 
the same annual rainfall, 33in., and a loss by evaporation 
of 14in., the daily average yield wonld be about 700,000 
cubic feet, and where 150 would be the proper number of 
days' storage, the capacity of an ordinary reservoir would 
be 105 million cubic feet. This would be found at one of 
the sites referred to with an embankment 66ft. in height, 
the greatest depth of water being 60ft., and covering an 
area of 96 acres; and if in addition to this 24 million 
cubic feet of space be provided as before, the whole capa- 
city would be 129 million cubic feet, and such a reservoir 
would be found at one of the sites mentioned with an 
embankment 65ft. in height, the greatest depth of water 
being 59fl;., and the area covered 110 acres. These 
instances from actual works may indicate approximately 
what would probably be the conditions in other cases, 
but of course every case must be taken actually according 
to its own circiunstances. 
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SECTION XXX. 

EivER Conservancy, 

Two papers on the conservancy of rivers are printed 
in the March volume of the • Minutes of Proceedings *' 
of the Institution of Civil Engineers, 1882, one by Mr. 
Wheeler,* of Boston, on the fen rivers of the east coast, 
and the other by Mr, Jacob,t of Salford, on the river 
Irwell. The circumstances of the rivers treated of in 
these two papers are widely different, but they do not 
between them embrace all conditions of rivers. Those 
dealt with by Mr. Wheeler are the Witham, Welland, 
Nene, and Ouse, draining the eastern midland portion of 
England lying between the Trent, the Severn, and the 
Thames. They are typical of the drainage systems of 
flat districts of permeable strata, with a small :^infall, 
and discharging into sandy estuaries, like the Wash. 
These rivers are still subject to most disastrous floods, 
although large sums of money have been expended 
upon them, because no river has been considered as a 
whole, but each dealt with in part only, and not from 
the outfall upwards. 

There are other smaller rivers draining the district 
lying between the Ouse and the Thames, which Mr. 
Wheeler's paper does not deal with. The area drained 
by the four principal rivers is 6,719 square miles, their 
total length being 416 miles, and if the tributaries be 
included the total length is 872 miles. The principal 
towns within the watershed of these four rivers are 

* W. H. Wheeler, Esq., M.Inst.C.E. 
t Artlmr Jacob, Esq., M.lnst.O.E. 



288 RIVER CONSER VANCY. 

Lincoln, Boston, Grantham, Spalding, Wisbeeli, Peter- 
borough, Northampton, Lynn, Cambridge, Ely, Bedford, 
and Dunstable. The average rainfall is 26 * 05in., the least 
depth recorded being 17*39in., and the greatest 34*48in. 

We have said that if rainflEdl records of long periods of 
time be examined, the maximum would probably be found 
to be about twice as much as the minimum fall, the one 
being about a third greater than the average, and the 
other a third less. How nearly that rule applies in this 
case may be seen in the Appendix No. 1 to li^. Wheeler's 
paper, in which he gives the rainfall of 38 stations in that 
part of the country for twelve years — 1869 to 1880 inclu- 
sive. Thus, if one-third be added to 26 • 05in., the maxi- 
mum would be 84*73in., and if one-third be deducted the 
minimum would be 17*37in., which are almost exactly 
according to the rule ; but then that would be expected, 
seeing that the rule itself is derived £rom observations of 
a similar kind, including these. 

The elevation of the country at the source of these 
rivers is about 300ft. only above the sea. The geo- 
logical formation in which these rivers rise, chiefly in 
the form of springs, is oolite, and they run over the 
Kimmeridge, Oxford, and Lias clays, and the glacial drift. 

The fens, comprising 668,241 acres, are alluvium and 
peat. Vermuyden, a Dutch engineer, reclaimed a portion 
of this fen land, on a plan similar to plans adopted in 
Holland ; but he made a great mistake in not taking into 
consideration the greater range of tide on this coast than 
on that of his own country, for as the tide ebbs out to a 
lower level here than it does there, he might have taken 
advantage of this to discharge the drainage direct into the 
estuary ; instead of which, he merely raised embankments 
along the main rivers, and made long arterial cuts through 
the land to be reclaimed, placing at the end of each a sluice 
to keep out the tidal waters, each district or "level" 
dealing with its own drainage, irrespective of others 
alongside it, whereby conflicting interests were created, 
which have since caused enormous sums to be spent in 
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litigation, have preyented a xommon action ' for. tiie im«> 
provement of the rivers, and have increased tho difficulties 
of riter oonservancy at the present day. 

Ahother way of providing for the drainage ^€>the fen 
lands was to abandon the winding: oourbe of. a jnatural 
river, and make^ a long straight cut, shortening < the 
distance, 4uad increasing' the rate of £iJl and the carrying 
capacity of the river. la these new rivers, the flood-banks 
were set wide apart, tiie river diannel occupying a compar 
ratively narrow space in the centre^ sufficient only for the 
ordinary discharge of water,|the intervening land between 
the river and the flood-banks being the '^wash lands," 
over which floods spread and form shallow lakes of great 
extent, the water remaining.on. them for several weeks, in 
great floods, destroying crops and rendering the land of 
little value. When this wash land begins to tliy. the 
miasma arising from it is prejudicial to health, and it has 
become a nuisance. 

Hie WOTks necessary for the prevention of floods in these 
rivers jrequire to be commenced at the outfall and carried 
on upwards through the whole length of the channel. The 
tidal waters enter freely three of these rivers, viz., the Ouse, 
the None, and the Welland, but in the Witham it is stopped 
at Boston by tiie " Grand Sluice," 8 miles from i^e sea. 

The Ouse has a tidal course of 40 miles, nearly to 
Earith; in the None the tidal water flows E4 miles, to 
Northey Gravel, within 2| miles of Peterborough. 

The Welland has a^ tidal course of 20 miles, as far as 
Crowland — all these distances, however, being those to 
which the highest spring tides reach. The sluice at 
Boston has self-acting doors, which open, to let out the 
land drainage water, but dose against the tide. The open 
navigation below the sluice has a depth of 16ft. at spring 
tides, but by the works carried out under the Witham 
Out&U Act of 1880 it is expected to give a navigable 
depth of 22ft. at the proposed entrance to the new docks 
at Boston.* For 20 miles above the sluice, to Bardney, 
* This has sinoe been effected. 

U 
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the water is maintained for purposes of navigation at a 
nniform depth of 9ft. 

The Grand Sluice had four openings of 16ft. each,* the 
depth of water on the sill at ordinary floods being about 
lOft., rising to 14ft. in extreme floods. From Bardney to 
Boston the fall of the surface of the water in floods is ftx>m 
3in. to 5in. per mile, and between Boston and the sea 
25in. per mile. The works which have recently been 
carried ont for making a now outfall by a cut 2^ miles 
in length, and shortening the distance to the sea by 1^ 
miles, were expected to lower the level of low water at 
the ends of the drainage cuts 3ft. at the least, by which 
the outfall sluices would continue open longer at every 
tide. The actual lowering of the water level has been 
more than 3ft. Lynn and Boston were once prominent 
ports, ranking only second to London and Bristol, and up 
to the time of the construction of railways there was a 
large export trade of wheat and agricultural products, 
and an import of coals and other goods, which were 
distributed throughout the midland part of England by 
these rivers ; and Bedford by the Ouse, Northampton by 
the Nene, Stamford by the Welland, and Lincoln by the 
Witham, were placed in communication with the sea. 

Now, here lies one of the difficult points of the whole 
question.. So long as these navigations wore maintained 
in order, and the shoals were cleaned out as they accu- 
mulated, and the locks and staunches preserved in efficient 
condition, and the weeds cut or kept down by the traffic 
of the boats, the rivers were capable of discharging the 
flood-waters, even in their artificial state of canalisation ; 
but since railways have diverted the traffic from these 
inland rivers, navigation has ceased, the works have gone 
to ruin for want of funds to maintain them, and shoals 
and weeds choke the channels. 

The rivers have become in a far worse condition to 

* Another opening has been made in the " Grand Slnice*' as part 
of the improvement works recently carried out under the directions of 
Mr. John Evelyn Williams, C.E. 
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discliarge the drainage of the country than when left in 
their natural state, and constant floods are the conse- 
quence \ but as there is a remnant of traffic left, the pro- 
prietors adhere to their rights in holding up the water, 
without having the means to adapt the rivers to the 
modem requirement of drainage by enlarging the capaoity 
of the weirs, so as in times of flood to discharge waters 
which are now sent down into their district at a much 
greater rate than formerly. 

This question opens into the arena of politics, and we 
do not pursue it further ; but, like all such questions, it 
is an important one. 

Mr. Jacob deals with a very different kind of river — 
the Irwell — which rises in the Erewell spring, near 
Bacup, in Lancashire, 1,325ft. above the mean level of the 
sea, and in its course towards the west coast receives the 
Limey water, the Koch, and the Croal, which passes 
through the town of Bolton, and after its junction with 
this stream the Irwell changes its direction, and runs a 
south-easterly course towards Salford and Manchester. 

Comparing the inclination of the river with that of the 
surface of the watershed area through which it flows, 
Mr. Jacob says that the inclination of the river being the 
most gradual natural fall within this area, it has, of 
course, a less declivity than the average surface incli- 
nation of the ground. The mean inclination of the 
surface of the country at the source of the river is 640ft. 
to a mile; a few miles lower down the mean surface 
inclination is 380ft. to a mile, and on approaching Salford 
— that is, at Agecroft — ^where flooding usually begins, the 
mean surface inclination of the country is 340ft. to a mile. 
These represent the slopes at which surface-water descends 
into the brooks which feed the river. The inclination of 
the river itself at Bacup is 176ft. to a mile; between 
Bacup and Bury, 36ft., and immediately above Agecroft, 
8ft. to a mile. 

As the stream enters the borough of Salford the valley 
widens, and the inclination of the river bed is reduced to 

u 2 
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4ft to a mik. With these great inclixuttions m the tipper 
parts of the river no great harm arose there from the 
oioders and: other solid refuse got rid of bj depositing 
it ia the river or laying it on the bank within fioodr 
level to be washed away; but the injury to the river 
loiprer down was muoh greater* The refose which <x»iros 
down the Irwell lodges in the flatter parts of the sti>eam, 
and by raising the bed of the river thronghont its 
course through Manchester and Salford has increased the 
injurious effect of floods. 

There are certain weirs on the river to which it is 
usual to attribute the flooding ; but their effeet, Mr. Jacob 
says, upon the height of the floods has been much ex- 
aggerated. The removal of weirs is a desirable object, 
but as a rule there is no necessity, whilst improving a 
river, to deprive riparian owners of such water rights as 
they may have fairly acquired by time and right of user. 
Side sluices can without difficulty be constructed, or the 
weirs can be provided with opening bays. By such means 
interference with vested interests • may, to some extent, 
be avoided, and those exorbitant claims set aside which 
so frequently compel administrative bodies to abandon 
works of improvement of the utmost importance. " The 
rights of private persons in respect of water and of ease- 
ment are well defined in all ordinary cases. If any owner 
interferes with a stream, either by adding to or taking 
from its natural volume, so as to inflict injury upon his 
neighbours, there is no difficulty in compelling him to 
make reparation for the damage done. The fixed principle 
is that the stream may be lawfully used so long as others 
who enjoy the use of it are not prejudicially affected. It 
is only necessary to enlarge this principle sufficiently to 
show that almost every owner of property within the 
watershed of a rinrer has a certain responsibility cast upon 
him in respect of that river," and this is in effect what 
we have said from the beginning in our remarks upon 
this subject. 

On another point, also, what we have said agrees with 
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what Mt. Jacob and Mr. Wheelor said in these papers, 
and indeed, all those who took part in the discussion- 
twenty or more — ^viz., that whatever is done in improving 
the regimen of a river, it must be considered as a whole, 
and all the interests within the same watershed area 
taken into account. Upon the question of the storage 
of flood-waters in the upper and upper middle parts of 
river-basins, the circumstances of these particular rivers 
seem to warrant what was said about impounding flood- 
waters in those localities, but in this respect the circum- 
stances of these rivers are exceptional. 

Neither Mr. Wheeler's four rivers, nor Mr. Jacob's one 
river, afford proper sites for storage reservoirs, probably ; 
but there are many others where proper sites do exist, 
and yet Mr. Wheeler said on this point : — " The existence 
of these wash lands, the large area they cover, and the 
above [those he had mentioned] facts are sufficient 
answers to those theorists who are in .the habit of advo- 
cating the formation of reservoirs to regulate the streams 
and prevent floods. Here, on rivers draining a com- 
paratively flat country, are occasional reservoirs of 3,000 
and 6,000 acres, which yet have scarcely any effect in pre- 
venting most severe floods on the lands above them." 
That, no doubt, is so. But inasmuch as these so-called 
reservoirs are below the lands to be protected from floods, 
neither theorists nor practical men would expect any 
other effect from them. But the case is different where 
reservoirs are made above the lands intended to be pro- 
tected by them. 

And Mr. Jacob, on the same subject, said: — "It might 
at first appear easy to embank the valley above the 
flooded district so as to receive all the water in excess of 
what the channel is capable of discharging ; but a very 
simple computation shows that the plan of impounding is 
unsuitable in such a watershed as that of the Ii-well and 
its tributaries. A flood of ordinary duration lasts from 
ten to twelve hours at its highest level, and as there 
would be an excess in great floods of at least 8,000 cubic 
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feet per seoond above what the channel is capable of dis- 
charging, it would be necessary to provide a reservoir to 
hold this quantity. • • • Mills and works of all kinds on 
the margin of the river would have to be purchased, rail- 
ways, r^tds, and canals to be diverted, and altogether the 
ouday would be so formidable as to render the construc- 
tion of reservoirs in the valley of the Irwell out of the 
question." Certainly, that would be so. 

Such a thing, however, would not be attempted or thought 
of in the midst of mills, railways, and canals, and nothing, 
we believe, is intended to be conveyed by the " theorists " 
mentioned, more than that where suitable reservoir sites 
exist the flood-waters now flowing from the areas above 
them, to the detriment of the rivers, may be so regulated 
that the o^vners of those lands may substitute works for 
money in respect of their liability to taxation in con- 
tributing to the funds required for the conservancy of the 
rivers below them. 
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SECTION XXXI. 

County Boakds and Watershed Areas. 

Through the collateral remarks we have made on this 
subject, the main drift has been to consider how the 
prevention of floods may be effected, while at the same 
time making nse, for domestic and industrial purposes, of 
the water held back from the rivers in such manner as to 
relieve them in flood-time of that excessive quantity which 
now pours into them, and which they cannot carry off 
without overflowing. 

Of the causes of this overflow there are different 
opinions : some attribute it to the increased extent and 
thoroughness of land drainage ; others to the obstructions 
of weirs or to narrow waterways of bridges, and withal 
to a general neglect of the watercourse itself, the banks 
of which have from time to time slipped into the river 
for want of protection, and the accumulated dibris has 
been allowed to remain there, shifted in position from 
time to time, but never removed, the floods at one time 
clearing a passage here, while there the accumulation has 
been increased, the general effect being that the regimen 
of the river has been destroyed or deteriorated. And one 
of the causes of this deterioration has undoubtedly been 
the great quantity of manufacturing refose which has 
been tipped into the river as the readiest way of getting 
rid of it ; and house-ashes have been to a large extent 
got rid of in the same way. 

Whether we look at the agricultural interest, the mining 
and manuflEicturing interests, the tenant or the landowner, 
millers, highway boards, county magistrates, railway 
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companies, carriers by water or mnnicipal authorities, we 
find them all implicated in the deterioration of the regi- 
men of rivers, as well as the owners of the lands &om 
which the water flows without regulation : and it is not 
one person, party, or body who should be called upon to 
repair and maintain the regimen of riyers, but all in the 
same river-basin, whether dwellers or receivers of rent, 
cultivators or owners of the soil ; for all who have access 
to the river-banks contribute to its deterioration, while 
none does anything to improve it, or even to keep it in 
decent repair. 

The river is the first and chief cause of prosperity of 
the dwellers in the valley, whether they directly use it 
or not, and even though some of them never see it. Its 
repair and maintenanoe, then, is the duty of all, and if 
each would make good the damage he does, whether 
actively or by permission only, no one would have any 
right to call upon him to do more ; but, as a practicable 
thing, this is out of the question, and he must contribute 
to a common fand according to his means and liabilities, 
if he wishes to continue to enjoy his own rights in the 
river and what it brings him, without injuring his neigh- 
bour thereby. A good many people have not only wished 
to have all these advantages without doing anything 
in return, but have actually had them and converted 
them into hard cash. They should be allowed an oppor- 
tunity now of contributing something to the repair of the 
damage they have done. The apportionment amongst all 
parties, so as to be just to all, is not in this case a matter 
upon which hairs can be split, but a near approximation 
to strict justice may be made without much trouble — 
without, that is to say, more trouble than the redress of 
a long-standing and general grievance must necessarily 
entail., 

The authorities will find a difficulty in dealing with 
this <luestion unless they form distinct watershed areas 
for rating purpose. This, however, they can do by an 
interchange of equal areas, or of areas somewhat approxi- 
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mately equal, which lie on the borders and upon both 
sides of the watershed line ; not substantially, but ficti- 
tiously (have we no fictions in the Constitution already? 
Chiltem Hundreds to wit); not altering the existing 
boundaries of counties, where those lie on or near the 
watershed lines, but giving and receiving from each other 
such sums of money per annum as may be due from the 
small part of each county thus cut off, as it were, by the 
watershed line, or in some other way, for there are several 
ways of meeting this difficulty. 

The boundaries of some of the counties in many parts 
follow the watershed lines, and so far there is no difficulty ; 
but where these run through parts of counties, and re- 
enter adjoining ones, the principle of the majority might 
be acted upon — either a majority of votes or the greater 
part of the rateable value of property within these out- 
lying parts. The inhabitants, if any, of such parts, might 
even have the choice to which county they will contribute, 
for the amount would be comparatively small, and the 
difference in the rates of one county and the adjoining 
one not great, perhaps, in any instance. 

A greater difficulty than lies here will be found in those 
counties which have river boundaries. Where a river 
divides counties, the boundary is assumed to be the centre 
of its old course, in general, however its present course 
may differ from its old one ; but neither in this case, nor 
in those where there has been no alteration in the position 
of the river, is this a well-marked line, nor indeed marked 
at all where the course of the river has not been wholly 
changed, and such a boundary may, under some circum- 
stances, give rise to disputes between adjoining county 
boards. All dredging operations would meet with diffi- 
culties arising from the jealousy and distrust between one 
board and the other, or at least might do so, and as dredging 
and similar operations will, in many cases, be the first 
things to be done, it will be well not to open the way to 
this at the outset. 

But a more frequent cause of difference of opinion will 
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be where any work of protection may be made on one bank 
of the river, and not simultaneously on the other bank in 
that reach of the river, for the action of water in rivers is 
such that, if one point is defended against its attack, it 
exerts its power upon another, and the easiest, which in 
such a case would probably be on the opposite bank a little 
lower down the stream, where the general line of the river 
is straight; while if both banks are defended its power is 
exerted upon the bottom, which is what is wanted, unless 
it be in exceptional cases. 

There is, perhaps, no such thing as a long, old, straight, 
natural watercourse. If it is straight it is short. If long, 
it may be old, but is not straight. The ground is soft in 
some parts and hard in others, within the distance of only 
a few yards of a river-course, and the earth washed away 
from one part is deposited in another part of the river, and 
this usually takes place in the slack water it meets with 
at the bend of the river, the d&mB being deposited on the 
inner side of the bend, on whichever bank of the river 
that may be ; but, as the general line of a river-course is 
straight, or nearly so, the deposit takes place at nearly the 
same, number of places on each side of the river in the 
long-run. Were the ground on both sides of a river homo- 
geneous, the course would not even then remain straight 
for any long distance, for, although it might remain so 
as long as neither bank were touched, and no projection 
from either were made in the slightest degree, yet, as soon 
as ever a small projection is made from either bank, the 
direction of the current begins to change, and, once begun, 
its natural action is to increase the inequalities. 

Art, scientifically directed, can bring it back to its 
pristine form, or to such other form as wisdom derived from 
the experience of ages finds preferable ; and that is what 
conservancy boards must now attempt. 

Where the boundary is and must remain in the centre 
of the river, it may probably be found advisable to give 
control of both banks to one authority, or half the whole 
length to each adjoining one. A post on each bank, directly 
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opposite eacb other, distinctly marks the division of juris- 
diction, while the centre of the river is but a vague and 
uncertain division ; and even if the two adjoining autho- 
rities could always agree to carry on the work of protec- 
tion or repair of the banks so that no injury should be 
done by one to the other side, there are other, though 
less important, difficulties which would arise out of such 
a boundary, irrespective of any question concerning the 
banks. 

It cannot be contemplated that any conservancy board 
would propose to alter county boundaries so far as to 
remove all river boundaries to their cognate watersheds ; 
otherwise many advantages would result to the manage- 
ment of rivers and all streams, by making new divisions 
between such counties coincident with the watershed lines, 
which are capable of being accurately defined and perma- 
nently marked. Our control of water is limited ; we are 
masters of it only after it has fallen ; we turn it this way 
and that, but we cannot in any important degree change 
the ridges of the hills, and must take from the natural 
watershed what comes. 

Having got it, we can carry it from one valley to 
another, or from one side of a valley to the opposite one, 
and in doing this the work would be much facilitated if 
one board had the command of the whole of one valley. 
In preventing floods, such a jurisdiction would be equally 
advantageous; indeed, the advantages in this respect 
would be greater than in the other, for while a board on 
one side of a river may do all that is necessary for this 
purpose, and do it economically, they cannot economically 
carry out effectual works without the co-operation of the 
board on the other side of the river. 

Inasmuch as the abstraction of water from rivers or 
streams for the supply of towns, or indeed for any pur- 
pose, diminishes the quantity of flood-water in rivers, 
waterworks ought to be exempt from contribution to 
funds raised for the purpose of preventing floods. Where 
waterworks are situated on the banks of rivers, the water 
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is not taken in flood-times, for it is then muddy, and the 
sluioes are closed ; and in any case the quantity abstracted 
would be so small, relatively to the volume of the flood, 
that the e£fect would be of no importance. But in gravi- 
tation works the case is different; here the flood-waters 
are impounded as a necessary part of the operation of the 
works, and if the storage reservoirs are st^ciently capa- 
cious t6 hold the great floods which at present cause so 
much injury, they assist the operations of any floods pre- 
vention Act which may be passed. But of course a large 
quantity of water may be abstracted without diminishing 
injurious floods at all. A reservoir which has a capacity 
sufficient to hold the floods which occur during any three 
consecutive years of least rainfall only, is not large enough 
to retain the floods of wet years, or even of average years, 
for by the very terms upon which its size has been cal- 
culated, a portion of the average rainfall is allowed to 
pass it in floods which are omitted £rom the calculation 
upon which the capacity of the reservoir has been based. 

It used to be that the average rainfall was intended to 
be impounded, except that part which is evaporated and 
otherwise lost before the water arrives at the site of the 
reservoir, and this of course included all floods, great and 
small. But the inequalities of rainfall of different years 
in a long series are so great, that to make reservoirs large 
enough to effect this, they would have cost too much 
money ; and the is^tem was adopted of calculating upon 
the regulation of the flow of water proceeding from the 
average rainfall of three years only, these being the driest 
three years to be found together in the records of the 
rainfall. It came to be known by experience that this 
was so nearly five-sixths of the average of the whole 
series, that a system was adopted of deducting at onoe a 
sixth part of the average annual rainfall, as being the 
quantity which could be stored in reservoirs of any prac- 
ticable dimensions — ^practicable, that is to say, with such 
an outlay of money as could be afforded. This, no doubt, 
was a very proper thing to do ; but it is inconsistent with 
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a claim to ex^nption^or at least to total exemption, for, 
admittedly, ihe floods of wet years are not stored, to ilie 
extent of onensixth of the whole raiofall, less the amount 
of evaporation and absorption, and this one-sixth part is a 
very large part in volume; and it occurs, moreov^r^ at 
those times when the benefit of its being^ stored or regu- 
lated would be greatest, and when itsliberation does most 
harm. • . ' 

To take an instance, where- the average annual rainfietll 
of a locality is 48in., it might be 40in. only upon which 
the capacity of a storage reservoir would be based, itfter 
deducting the proper depth fop evaporation and absorp- 
tion ; but as to this latter, it only means the absorption of 
so much as does not rec^ear within the drainage area, 
and is a i^nall quantity in any»oase. The two t(^ether, 
and that which is taken up by vegetation-growth, are 
better called the loss; and this might be in suclf a case 
reckoned to be 13in., leaving 27in« only with which the 
capacity of the reservoir would be conoemedy a portion of 
this being abstracted daily for the main purpose and 
diverted from the stream, and another portion left daily 
to the^ stream, its delivery ^ut of the reservoir in the same 
quantity during dry. weal^r, as at other times, forming 
the compensation to the interests in the stream for the 
abstraction of the other portion, say, two-thirds abstracted 
and one-third left, or 18in. abstracted and 9in. left to the 
stream during three consecutive years of least rainfall. 
There would thus be 8in. in depth over the drainage area, 
which would pass the reservoir in floods, in a year of 
average rainfall, and the average annual quantity per 
1,000 acres of the drainage area would thus be 29i000rf000 
cubic feet, which cannot be stored by reservoirs of these 
dimensions. 

But if the average annual rainfall be 4BiD., and the 
mean of any three years be 40in., there must be other 
years in which the rainfall exceeds 48in., and examina- 
tions of rainfall records show that the depth of rain falling 
in the wettest year is about twice as much as in the driest 
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year of all. In ^the above caae 65m. or 66m. miglit be tbe 
depth fallen in the wettest year, and ddin. in the driest, 
the mean of all years being 48iD., while the actual quan- 
tity dealt with by the construction of a reservoir would 
be about 40in., less the amount of evaporation, &c. If we 
do not take into consideration the very wettest year of all 
in the record, but a depth which occurs rather frequently, 
viz., 60in., there would be in each of those years, however 
many or few, 20in. of rainfall unimpounded, if the same 
loss by evaporation, &o., be allowed in these years as in 
the average of years, and, per 1,000 acres, the quantity is 
72,600,000 cubic feet of water, which cannot be stored in 
reservoirs, the capacities whereof have been calculated on 
those bases, and this water must continue to go down the 
river in floods. Hence, a total exemption of such water- 
works cannot be claimed. But it may be said that the 
effect of great floods is at least mitigated by such reser- 
voirs, and that is true, for even when the reservoir is full , 
a flood does not at once issue from it at the same rate as 
that with which it comes into it; it expands over the area 
of the reservoir and raises its surface, and the time taken 
up in doing so is additional to the time in which the same 
volume of water would otherwise pass down the river, 
thus reducing its rate of flow. 

The areas of water surface of reservoirs having different 
areas of watershed do not vary in the same ratio as the 
watershed areas, and therefore no simple, number of acres 
of water surface per 1,000 acres of watershed area can be 
stated for all circumstances; but we may take an instance 
in which there are 40 acres of water surface per 1,000 acres 
of the watershed area, and a flood running into the reser- 
voir at the rate of 360,000 cubic feet per hour, or 6,000 
cubic feet per minute, for 24 hours. A much greater 
quantity per minute might pass during some portion of 
the time. Supposing the reservoir full at the commence- 
ment of the flood, the water-level would be raised 18in. in 
from 7 to 8 hours, if none passed out during the time. If 
the waste-weir of the reservoir for this drainage area 
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were 20ft. wide (and it would not be safe to make it less), 
and if the co-efficient of discharge over it be taken at • 5, 
which is the proper co -efficient for a weir with a crest 3ft. 
wide, sloping 1 in 18 across, the above-named quantity of 
360,000 cubic feet per hour would pass over at a depth of 
18in., and the rate of flow out of the reservoir would be 
the same as that into it, when the water reached that 
height. Considering the quantity which would be passing 
out of the reservoir while 360,000 cubic feet per hour 
would be coming in, the time during which it would con- 
tinue to rise would be extended to about 12 hours, after 
which it woidd run out as fast as it ran in, which would 
be during the next 12 hours, and on the cessation of the 
flood the accumulated water would gradually subside to 
the level of the waste-weir. Thus in this case the claim 
for abatement of the effect of this flood would be in 
respect of half the time only. 

The case of the new Vyrnwy Waterworks for Liverpool 
is apropos. Mr. Sargeaunt, of Tewkesbury Park, a magis- 
trate for the county of Gloucester and of the borough of 
Tewkesbury, in his evidence before the Committee on the 
Liverpool Corporation Water Bill, in 1880, said that the 
damage by floods to meadow-land on the banks of the 
Severn between Gloucester and Worcester had been half 
a million of money, between the years 1871 and 1879, 
and he supported the Bill because he thought it would 
diminish floods. The Severn Commissioners, like most 
other people in the valley, when notice was given of the 
intention of the Liverpool Corporation to abstract water 
from the head of the river, were apprehensive of serious 
losses which might result to them, especially in dry 
weather; but also in the case of the Navigation Com- 
missioners, in the effect of the works in diminishing the 
scour of the bed of the river; and they considted Mr. (now 
Sir) John Fowler, C.E., who reported to them that the 
effect which the proposed works would have upon the 
Severn between Stourport and Gloucester would be a 
slightly-increased flow -at low water, and a diminution, to 
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a oertain extent, in the frequency and height of the floock. 
He eetimated, from the data -then available to him, that a 
•* bank-full " flood (16fL upon the upper sill of Idie Diglis 
Lock) would be diminished about 6in., and a **higfa flood " 
(20ft upon the sill) about 5in. ; and he was of opinion, 
therefore, that the navigation interests would be prac- 
tically unaffected, either for good or evil, by the proposed 
workL The quantity of water at that time proposed to 
be abstracted was 52,000,000 gallons per day. This was 
considerably reduced on the demands of those interested 
in the river, and the amount of compensation-water left 
to the stream correspondingly increased. 

On the basis of the probable annu^ discharge of the 
river at Diglis in 1868, an exceptionally dry year, and in 
1872^ an exceptionally wet year, and on the measurements 
of Mr. E. Leader Williams, C.E., of the disdiarge at the same 
place at low water, bank-full, and high-flood. Sir John 
Fowler estimated the mean discharge of the Severn at Diglis 
to be 120,000 cubic feet per minute in an exceptionally dry 
year; 290,000 in an exceptionally wet year; and the 
average of a series of years to be 164,000 cubic feet per 
minute. At Gloucester, althou^ the drainage area is 
nearly twice as large as at Diglis, near Worcester, he 
estimated the discharge to be not more than 168,000 in a 
diy year; 464/)00 in a wet year; and 246,000 cubic feet 
per minute on an average of a series of years, being 
respectively 40 per cent., 60 per cent., and 50 per cent, 
greater than the quantities at Diglis; and having thus 
obtained approximate estimates of the mean discharge 61 
the river; it became possible to him to ascertain the extent 
of the interference incidental to the proposed Vymwy 
works of the Liverpool Corporation. 

Assuming that 52,000,000 gallons a day would be ab- 
stracted, that would be 5,800 cubic feet per minute, or 
4*83 per cent, of the whole quantity going over Diglis 
Weir in dry years, 2 per cent, in wet years, and 3*54 per 
cent, in average years, whilst the drainage area affected 
by the proposed works was only 1»84 per cent. 
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In like manner the flow at Gloucester would be affected 
'to the extent of 2 • 45 per cent, in dry years, 1 • 25 per cent, 
in wet years, and 2 '35 per cent, in average years, the 
drainage area affected being 6*92 per cent, of the entire 
river-basin. 

With respect to floods. Sir John Fowler was of opinion 
that l^in. depth of rainfall in 24 hours running off the 
Vymwy watershed area at the site of the proposed reser- 
voir (Llanwddyn) would probably be a full measure of 
the maximum flood discharge in any year, which would 
amount to less than 90,000 cubic feet per minute, bein<; 
about five times the low-water discharge over Diglis 
Weir; but comparing it with Mr. Leader Williams*^ 
gaugings it amounts to but 13 per cent, of the bank-full 
flood, and 7 • 8 per cent, of the high flood at Diglis, and, of 
course, a correspondingly smaller percentage of the flood 
discharge at Gloucester. 

It was stated by Mr. Hawksley, that it is intended to 
take for Liverpool an average daily quantity of 36 million 
gallons ; about 40 millions in summer, and 32 millions in 
winter, giving to the stream 13 J million gallons a day on 
the average of each year. It was originally intended 
only to give 8 millions to the stream, but this has been 
increased to 10 millions every day, and 32 flushings in 
the year, each of 40 million gallons. The command of 
water is very great in these works. 

The drainage area of the Vyrnwy alone is 17,583 acres- 
at the site of the reservoir, and the average annual rain- 
fall 61in. ; but besides this large area, powers were taken 
by the Act to add 2,880 acres of the watershed area of the 
Afon Conwy, and 1,537 acres of that of the Marchnant, by 
driving a tunnel through the separating hills in each 
direction, so as to bring the water into the Llanwddyn 
Eeservoir, which was to have a water surface of 1 ,115 acres. 

Sir F. J. Bramwell, C.E., who supported Mr. Hawksley's 
evidence, said of this reservoir that in times of drought 
it will increase the flow of water in the river probably 
five times ; that it will frequently prevent floods, as far ai» 
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they arise in the watershed area belonging to it, from 
arising at all, and in -wet years, when they do oconr, they 
will never reach their present intensity. 

But he said also, which is important to ohserve, that 
the bulk of the water arising from the average annual 
rain&ll of 61in. comes down in floods. For instance, 
31 per cent, of all the water that comes down, comes when 
the river is discharging at the rate of 100,000,000 gallons 
a day, or over, and this 31 per cent, of the quantity of 
water comes down in 18 per cent, of the time. 

Since the evidence upon which these remarks are 
founded was given, the large works to which it refers 
have been carried out towards completion, under the 
directions of Mr. Deacon, the Waterworks Engineer of 
Liverpool, and some alteration of the quantities of water 
to be taken and left, respectively, appear to have been 
made; but the original quantities stated serve well 
enough for comparison and for a general statement of the 
case, which is all that is here intended. 

The chief object of this reservoir is the water-supply of 
Liverpool, and it is not constructed in any respect with 
the object of preventing floods in the valley below it ; 
but its relative area being so large, viz., about 50 acres 
per 1000 acres of its watershed area, it will have the 
effect, in cases of heavy rainstorms within its watershed 
area, of mitigating floods below it almost as much as if 
special provision had been made for that purpose. But 
its circumstances are very exceptional ; it is nearly five 
miles long, and is not here adduced as having any bearing 
.on the subject of flood-regulation elsewhere. 
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Poncelet*s wheel, 154 
Pressure in pipes, 106-109 

of the atmosphere, 97, 98 

Prony's formula, 124 
Puddle lining, 227 

trench, 4, 36, 37 
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Pumping main, 241 
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Ram gauges, 70. 71 
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Regulation of flood waters, 278- 

286 
Relief of land from floods, 271- 

277 
River in train^ 137, 163, 164 
River sand, 46 

Irwell, 291 

Severn, 259 

Thames, 259 

Witham, 289 

Rivers as county boundaries, 298 

conservancy, 287-294 

, lowering the water-level of, 

248 

, yearly neglect of, 248 

Road watering, 233 
Rotative beam-engine, 245 
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Service reservoirs, 93-95, 222-229 
Severn and Thames contrasted, 

260 
Slip-joints, 40 
Standpipes, 243 
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Strainers, 95 
Stream gauges, 51-63 
Strength of cast-iron pipes, 104- 

112 
Surface velocity, 124 
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Thickness of cast-iron pipes, 110^ 

112 
Tittesworth Reservoir, 30 
Top-bank above top-water, 8, 23 
Trials of coal consumed in pump* 

ing water, 245, 246 
of water required to work 

mills, 171, 174 
Tunnels, 90, 91 
Turbines, 192-216 
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Velocity in open channels at the 

surface, 120-127 
in open channels, the mean, 
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in open channels at the 

bottom, 120-126 

of approach to weirs, 158 

of water, 165 

of water in pipes, 99-101 



WASTE of water, 237 
* ' Watering roads, 233 
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Weirs of reservoirs, 28-30 
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MECHANI CAL ENGINEER ING, etc. 

New Pocket-Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S POCKET-BOOK OF 
TABLES, FORMULAE, RULES AND DATA, A Handy Book of Reference 
for Daily Use in Engineering Practice. By D. Kinnear Clark, M.Inst.C.E., 
Author of " Railway Machinery," " Tramways," &c. &c. Small 8vo, nearly 
700 pages. With Illustrations. Roimded edges, cloth limp, 7s. 6d.', or 
leather, gilt edges, gs. [.J^^ published. 

New Manual for JPracticaZ Engineers. 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers : Marine, Locomotive and Sta< 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations forCerti< 
ficates of Competency in Modern Mechanical Engineering. By Walter S. 
HuTTON, Civil and Mechanical Engineer, Author of "The Works' Manager's 
Handbook for Engineers," &c. With upwards of 370 Illustrations. Fourth 
Edition, Revised, with Additions. Memum 8vo, nearly 500 pp., price iSs, 
Strongly bound. [Just published, 

t^ This work is designed as a companion to the Author's "Works* 
Manager's Hand-book.*' It possesses many new and original features, an/i con- 
tains, like its predecessor, a quantity of matter not originally intended for publica- 
Hon, but collected by the author for his own use in the construction of a great variety 
of modem engineering work. 

%♦ Opinions of the Press. 

" A thoroughly eood practical handbook, which no engineer can go through without learning 
something that will be of service to \Am."~-MariHe Engineer. 

"An excellent book of reference for engineers, and a valuable text-book for students of 
engineering." — Scotsman. 

" This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— ^wt/rfi'w^ News. 

" The author has collected togethor a surprising quantity o< rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most usefid of its kind published, and will be a very popular compendium."— ^M^'M^^r. 

" A mass of information, set down In ^mple languajge, and in such a form that it can be easily 
referred to at any time. The matter is uniformly gooa and well chosen, and is greatly elucidated 
by the illustrations. The book will find its way on to most engineers' shelves, where it will ramk as 
one of the most useful books of reference."— /*rarftVa/ Engineer. 

" Should bs found op the office shelf of all practical engineers."— iE'n^/txA Mecha»it, 

B 
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Handbook for Works^ Managers. 

THE WORKS* MANAGER'S HANDBOOK OP MODERN 

RULES, TABLES, AND DATA. For Engineers, Millwriebts, and Boiler 

Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 

Founders, &c. By W. S. Huttom, C.E., Author of **The Practical Engineer's 

Handbook." Fourth Edition, carefully Revised, and partly Re-written. Id 

One handsome Volume, medium 8vo, ist. strongly bound, [jfust publiihed* 

9^ Thi Author having compile^ Rules and Data for his own use in a great 

variety of modem engineering work, and having found his notes extremely useful, 

decided to publish them^revised to date^belitvtng that a practical work, suited to 

the DAILY REQUIREMENTS OP MODERN EKGiHEERS, would be favouriU>ly received. 

In the Third Edition, the following among other additions have been made, viz.: 

Rules for the Proportions of Riveted Joints in Soft Steel Plates^the Results of Experv- 

ments by Professor Kennedy /or the Institution of Mechanical Engineers — Rules 

for the Proportions of Turbines— Rules for tJa Strength of Hollow Shafts of Whit* 

worth*s Compressed Steel, &c, 

*,* Opinions of thi Press. 
" The author treats every subject from the point of view of one who has coDected workshop 
notes for application in worlcshop practice, rather tlian from the theoretical or literary aspect. The 
volume contains a great deal of that kind of information which is gained only by practical ezperi- 
eace. and is seldom written in hook*,"—Ef^iH€tr. 

"The volume is an exceedin^fly useful one, brimftil widi engineers' notes, memoranda, an^ 
rtiles, and well worthy of being on every mechanical engineer's bookshelf "—AfrrAaMtro/ IVorU. 

" The information is precisely that likely to be required in practice. . . . The work forms a 
<*esirable addition to the library not only of the works manager, but of anyone connected witb 
general engineerinff."— .l/»«i«^ youmal. 

*'A formidable mass of facts and figures, readily accessible throuf;h an elaborate hdex 
.... Such a volume will be found absolutely necessary as a t>ook of reference in «H sorts 
of 'works 'connected with the metal trAdes."^Xj'faHd's Iron Trader Circular. 

" Brimful of useful information, stated in a concise form, Mr. Hutton's books have met a press- 
ing want among engineers. The book must prove •ztremely useful to every practical man. 
possessing a copy,"" Practical Etiji inter, 

Practical Treatise on Modem Steam-Boilers, 

STEAM-BOILER CONSTRUCTION, A Practical Handbook 
for Engineers, Boiler- Makers, and Steam Users. Containing a large Col- 
lection of Ru'.es and Data relating to the Design, Construction, and Working 
of Modern Stationary, Locomotive, and Marine Steam-Boilers. By Walter 
S. HuTTON, C.E., Author of "The Works' Manager's Handbook," &c^ 
With upwards of 300 Illustrations. Medium 8vo, i8s. cloth. [Just published, 
"Extry detail, both in boiler design and manai^eirent, is clearly laid before the reader. The- 
volume shows that boiler construction nas been reduced to the condition of one of the moit exan 
sciences ; and such a book is of the utmost value to the /In de siicU Engineer and Works" 
^!anager "^Marine Engineer, 

" There has long been room for a nrodem handbook en steam boilers ; there is not that rccnra 
row. l>ecanse Mr. Hutton has filled it. It is a thoroughly practical book for those »ho are occu- 
pied in the construction, design, se'ection, or use of ooilers."— Engineer. 

*^The Modernised Templeton.^^ 

THE PRACTICAL MECHANICS WORKSHOP COM- 
PANION, Comprising a gp-eat variety of the most useful Rules and Formulao 
in Mechanical Science, with numerous Tables of Practical Data and Calcu- 
lated Results for Facilitating Mechanical Operations. Bv William Temple- 
ton, Author of "The Engineer's Practical Assistant,'^ &c. &c. Sixteenth 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of "The Works' Manager's Handbookj" "The 
Practical Engineer's Handbook," &c. Fcap. 8vo, nearly 500 pp., with Eight 
Plates and upwards of 250 Illustrative Diagrams, 65., strongly bound for 
workshop or pocket wear and tear. [J«5< published^ 

*»* Opinions of the Press. 

" In Its modernised form Hutton's ' Templeton ' should have a wide sale, for It contains mndi 
valuable information which the mechanic will often find of use, and not a few tables and notes which 
he might look for in vain in other works. This modernised edition wi be appreciated by all who 
have feamed to value the original editions of ' Templeton.' ' ~En<rliih Mechanic. 

*' It has met with great success in the engineering workshop, as we can testify; and there art 
a great many men who, in a great measure, owe their rise in life to this little t>ook."~ Buiidine News, 

" This familiar textbook— well known to all mechanics and engineers— is of essential service to 
the every-day requ'rements of engineers, millwrights, and the various trades connected with 
engineering and building. The new modernised edition is worth its weight in goldi,"— Buiiding 
News. (Second Notice.) < 

•• This well-known and largely used book contaiiiS information, broi ght up to date, of the 
sort SO useful to the foreman acd draughtsman. So much fresh hiformatfon has been introdi ced 
as to constitute it p*-rcrically a tew beck. It will be largely uccd in the office and \\oik&bop*'— 
Mechanical H'orla, 
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StonC'Working Machinery* 

STONE-WORKING MACHINERY, and the Rapid and Economi- 
, cat Conversion of Stone, With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Bale, M.I.M.E. With lUusts. Crown bvo, gs. 
"Should be in the hands of every mason or student of stone-work."— C^/Z^ry Guardian. 
" A capital handbook tor all who manipulate stone for buildinsf or ornamental purposes."— 
Machifury Market, 

Pump Construction and Management. 

PUMPS AND PUMPING : A Handbook for Pump Users. Being 
Notes on Selection, Construction and Management. By M, Powis Bale, 
M.I.M.B., Author of " Woodworking Machinery," &c. Crown 8vo, as. 6d. 
*• The matter is set forth as concisely as possible. In fact, condensation rather than diffuseness 

has been the author's aim throusfhout ; yet he does not seem to have omitted anythjns^ likely to be 

of viS^"—youmal ^ Gas Lighting. 

MiUing Machinery, etc, 

MILLING MACHINES AND PROCESSES: A Practical 
Treatise on Shaping Metals by Rotary Cutters, including Information on 
Making and Grinding the Cutters. By Paul N. Hasluck, Author of" Lathe- 
work." With upwards of 300 Engravings. Large crown 8vo, 12s. 6d. cloth. 

Turning. [just published. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 

and Processes etnployed in the Art of Turning, By Paul N. Hasluck. 

Fourth Edition, Revised and Enlarged. Cr. 8vo, 5«. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do it, and how to convey his knowledge to others. To all turners this book would be valuable.'" 
—EngineaHng. 

" We can safely recommend the work to youne engineers. To the amateur It will simply be 
invaluable. To the student it will convey a great deal of useful information."— £^»^t>M^. 

ScreW'Cutting. 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N. Hasluck, Author of " Lathe- Work," &c. With Fifty Illustra- 
tions. Third Edition, Enlarged. Waistcoat-pocket size, is. 6d. cloth. 
" Full of useful information, hints and practical criticism. Taps, dies and screwing-tools gene- 
rally are illustrated and their action described."— AfecAanical World. 

" It is a complete compendium of all the details of the screw-cutting lathe ; in fact a ntuUum- 
itt'Parvo on aJl the subjects it treats upon." — Carpenter andBuUder. 

Smithes Tables for Mechanics, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS,. 

FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 

Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised! 

and Enlarged, with a New Section of Electrical Tables, Formula, and 

Memoranda. Waistcoat-pocket size, is. 6^. limp leather. [Just published. 

" It would, periiaps, be as difficult to make a small pocke^book selection of notes and formulae 
to suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat- 
pocket collection may be looked upon as a successful attempt.*'— Engineer. 



pocket collection may be looked upon as a successful attempt.*'— E*^neer. 

" The best example we have ever seen of 250 pages of useful matter pacxea mro cue aimen* 
dons of a card-case."— ^M»Aft>^ News, ' ' A veritable pocket treasury of knowledge."— /r<7ff« 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 

PRACTICAL ASSISTANT, A collection of Useful Tables, Rules and Data. 

By William Tbmpleton. 7th Edition, with Additions. iSmo, as. 6d. cloth. 

" Occupies a foremost place among books of this kind. A more suitable present to an appren- 
tice to any of the mechanical trades could not possibly be uaAe."— Building News. 

"A deservedly popular. work, it should l)e in tne 'drawer' of every mechanic."— ^E^s^/irA 
Mechanic, 

Iron and Steel. 

«* IRON AND STEEL »* ; A Work for the Forge, Foundry, Factory, 
and Office, Containing ready, useful, and trustworthy Information for Iron- 
masters ; Managers of Bar, Rail, Plate, and Sheet Rolling Mills : Iron and 
Metal Founders; Iron Ship and Bridge Builders ; Mecnanical, Mining, and 
Consulting Engmeers ; Contractors, Builders, &c. By Charles Hoare, 
Eighth Edition, Revised and considerably Enlarged. 320:0, 6s, leather. 
" One of the best of the pocket hooks,"— English Meehanie. 

"We cordially recommend this book to those engaged in considering the details of all kinds of 
Iron and sted irotla,''~-Naval Sdertec, 
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Engineering Construction. 

PATTERN-MAKING : A PracZ/Vd/ TrM/i5f, embracins; the Main 
Types of Engineering Coustniction, and including Gearing, both Hand and 
Machine made. Engine Work, Sheaves and Pulleys. Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand. &c., together with the methods of Estimating the 
weight of Castings; to which is added an Appendix of Tables for Workshop 
Reference. By a Foreman Pattern Maker. With upwards of Three 
Hundred and Seventy Illustrations. Crown 8vo, 7%. 6d. cloth. 
"A well written teclmical guide, evidently written bv a nun who understands and has prac- 
tised what he has wriUen about. . . . We c rdially recommend it to engineering students, young 
j oumevmen. and other* desirous of being initiated into the m>'S'eries of patt- m-nui3ting." — Builder. 
•'We can confidently recoinnund this comprehensive treaiiie." — Building News. 
" Likely to prove a welcome guide to many workmen, especially to draughtsmen who have 
lacked a training in the sliop^ pupiu pursuing their practical studies m our factories, and to em- 
ployers and managers in en^neering ^KOxVsr— Hardware Trade yournoL 

"More than 370 illustrattons help to explain the text, which is, however, alwajrs clear and ex- 
pUdt. thus rendenng the work an excellent vmU mecum for the apprentice who desires to become 
master of his XnAm,'^— English Mechanic, 

Dictionary of Mechanical Engineering Terms. 

LOCKWOOD' S DICTIONARY OF TERMS USED IN THE 
PRA CTICE OF MECHA NIC A L ENGINEERING, embracing those current 
in the Drawing OflBce, Pattern Shop, Foundry, Fitting, Turning, Smith's and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman Patterm-Maker, Author of ** Pattern Making." Crown 8vo, 
ys. 6d, cloth. 

"Just the sort of handy dictionary required by the various trades engaged In mechanical en- 
gineering. The practical engineering pupil will find the book of great value in his studi e s, and 
every foreman engineer and niechamc should have a copy." — Building News. 

"After a careful examination of the book, and trying all manner of words, we think that the 
engineer will here find all he is likely to require. It will be largely used."— Practu-al Engineer. 

"One of the most useful books which can be presented to a mechanic ox ifoi^txiX."— English 
Mechanic. 

" Not merely a dictionary, but, to a certain extent, also a most valuable guide. It strikes us as 
a happy idea to combine with a dcfinitiuu of the phrase useful informa ion on the subject of which 
It treats."— J/a<r/r»/i^»:y Market. 

" Kg word having connection with anv branch of constructive engineering seems to be 
omitted. No more comprehensive work h*s l>een, so far. issued. —k'ncnt'Ffds^e. 

"We strongly commend this useful and reliable adviser to our friends in the workshop, and to 
students everywhere."— C<»^i*r>' Guardian. 

Steam Boilers* 

A TREATISE ON STEAM BOILERS: Their Strength, Con- 
struction, and Economical Working. By Robert Wilson, C.E. Fifth Edition, 
xamo, 65. cloth. 

•'The best treatise that has ever been published on steam hoilen."— Engineer. 
"The author shows himself perfect master of his subject, and we heartily recommend all em- 
ploying steam power to possess themselves of the yroek."—Jijland't Iron Trade Circular, 

JSoiler Cliiinneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability, With a Chapter on Lightning Conductors. By Robert 
Wilson, A.T.C.E., Author of "A Treatise on Steam Boilers,*' &c. Second 
Edition. Crown 8vo, 3*. 6d. cloth. 

" Full of useful information, definite in statement, and thoroughly practical In treatment. — 
The Local Government Chronicle, 

" A valuable contribution to the itcrature of scientific building."— 77:^ Builder. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER & ASSIST- 
A NT, With Examples of Practical Geometry and Templating, for the Use 
of Platers, Smiths and Riveters. By John Courtney, Edited by D. K. Clark, 
M.I.C.E. Third Edition, 480 pp., with 140 Illusts. Fcap. 8vo, 7s. half-boimd. 
" No workman or apprentice ^oukl be without this hook."'~/roH Trade Circular, 
" Boiler-makers will readily recognise the value of this volume. . . . The tables are clearly 
printed, and so arranged that they can be referred to with the greatest fkcOity, so that it cannot be 
doubted that they wifl be generally appreciated and much Msai."— fining Journal, 

Warming. 

HEATING BY HOT WATER; with Information and Sug- 
gestions on the best Methods of Heating Public, Private and Horticultural 
Buildings. By Walter Tones. With Illustrations, crown Svo, 2s. cloth. 
" We confidently recommend all interested in heating by hot water to secure a copy of this 
valuable httle treatise."— /"A* Plumber and Decorator. 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 
plement on Gas Eii^oes, and Part II. on Heat Engines. By T. M. 
GooDEVB, M.A., Barnster-at-Law, Professor ot Mechanics at the Normal 
School of Science and the Royal School of Mines; Author of "The Princi- 
ples of Mechanics," "The Elements Qt Mechanism," &c. Eleventh Edition, 
enlarged. With numerous Illustrations. Crown 8vo, 6s. cloth. 
"Professor Goodeve has given us a treatise on the steam engine which wiO t>ear comparison 

with anything written by Huxley or Maxwell, and we can award it no higher pni»^"—£ftfi'im*r. 
** Mr. Goodeve's text-book is a work of which every young engineer should possess himself." 

^Minin^ youmal. 

Gas Engines, 

ON GAS-ENGINES, Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine, by T. M. Goodbvs, 
M.A. Crown 8vo, 2s. 6d. cloth. 
" Like all Mr. Goodeve's writings, the present is no exception in point of general excellence. 
It is a valuable little rolumt," —Mechauicai tVorld. 

Steam. 

THE SAFE USE OF STEAM. Contaming Rules for Un- 
professional Steam-users. By an Engineer. Sixth Edition. Sewed, 6d. 
" If steam-users would but learn this little t>ook by heart boiler explosions would become 
sensations by their mity."—Eft£^iish Mechanic 

Meference Book for Mechanical Engineers* 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, 
for Machine and BoUer Construction. In Two Parts. Part I. General 
Engineering Data. Part II. Boiler Construction. With 51 Plates and 
numerous Illustrations. By Nelson Foley, M.I.N.A. Folio, £5 5s. half- 
bound. [Just published. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for 

Engineers and Steam-users. By Nelson Foley, Author of " Boiler Cfon- 

struction." Pocket-size, 3s. 6d. cloth ; 45. leather. 

"These tables are designed to meet the requirements of every-day use ; and maybe com- 
mended to engineers and users of steam.' — /ron. 

" This pocket-book well merits the attention of the practical enghieer. Mr. Foley has com- 
piled a very useful set of tables, the information contained in wmch is frequently required by 
engineers, coal consumers and users of steam."— -/roM and Coal Trades Review, 

' Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Management ; Re- 
marks on Fire-Prooi Buildings, and the Preservation of Life from Fire ; 
foreign Fire Systems, &c. Bv C. F. T. Young, CE. With numerous 
Illustrations, 544 pp., demy 8vo, A 4s. cloth. 
*' To such of our readers as are interested in the subject of fires and fire apparatus, we can most 

heartily commend this hook."— Sn£ineerifi£'. 

•' It displays much evidence of careful research ; and Mr. Young has put his facts neatly 

together. It is evident enough that his acquaintance with the practical details of the construction ot 

steam fire engines is accurate and fvJL"— Engineer, 

Estitnating for Engineering Work, ^c. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Guide to Commercial Engineering. With numerous Examples of Esti- 
mates and Costs of Millwright Work, Miscellaneous Productions, Steam 
Engines and Steam Boilers ; and a Section on the Preparation of Costs 



Accounts. By A General Manager. Demy 8vo, 12s. cloth. 
•' This is an excdlent and very useful book, covering subject-m'itter in constant requisition in 
every foctory and workshop. . . . The book is invaluable, not only to the young engineer, but 



also to the estimate department of every works."— ^«x7flfer. 

"We accord the work unqualified praise. The information is given in a plain, straightforward 
manner, and bears throughout evidence of the intimate practical acquaintance of the author with 
every phrase of commercial engineering."— ^iffAa«»Va/ IVorld, 

Elementary Mechanics, 

CONDENSED MECHANICS. A Selection of Formulae. Rules, 
Tables, and Data for the Use of Engineering Students, Science Classes, &c. 
In Accordance with the Requirements of the Science and Art Department 
by W. G. Crawford Hughes, A.M.I.C.E. Crown 8vo, 25. 6cl. cloth. 

[Just published. 



CROSBY LOCKWOOD «• SON*S CATALOGUE, 



THE POPULAR WORKS OF MICHAEL REYNOLDS 
(" Thx Emoinx Driver's Fribmd "). 

LoeomoHve'Engine Ihriving. 

LOCOMOTIVE-ENGINE DRIVING : A Practical Manml for 
EnnfUifs in charge of LocomoHvi Bttginsi. By Michaxl Rktmolds, Member 
of the SocietyofEnnneert, formerly Locomotive Inspector L. B.and S.C. R. 
Eighth Edition. Including r Kxy to tmb Locomotivx Emoimx. With Illos- 
trations Rnd Portrait of Author. Crown 8ro, 4s. 6d. cloth. 
" Mr. Rcjraolds has supplied a want, and has supplied It welL We can conftdently nconunend 

the book, not only to the practical drirer, but to everyone who takes an InteiMt in the pecfbraMUioe 

of locomotive e«Rines."~7'A« En^inetr, 

" Mr. Reynolds has opened a new chapter In the Bterature of the day. This adndnble practical 

treatise, of the practical utility of which we have to q>eak in terms of warm commendation."— 

" Evidendy the work of one who knows his subject thoroughly."- Railway Servict CoMeUe, 
" Were the cautions and rules Aven In tiie book to become part of the e very-day working of 
our en^ne-drivers, we mi^ht have fewer distressing accidents to deplore."— >Sa0^MaM. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING : A Practical Manual for 
En^nurs in charge of Stationary Engines. By Michaxl Rsymolds. Fomth 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 45. 6d, cloth. 
"The author is thoroughly acquainted with his subjects, and his advice on the various points 

treated is clear and practical. ... He has produced a manual which is an exceedingly useAil 

one for the class for whom it is specially intended,"— £n£ine*rin£r. 

*' Our author leaves no stone unturned. He is determined that his readers shall not only know 

something about the stationary engine, but all about \i"— Engineer. 

"An engineman who has nustered the contents of Mr.Reynolds's bookwlll require bat Httle actual 

experience with boilers and engines before he can be tnisted to look after \hwa."—En£lishM*chaHic* 

The Engineer, Fireman^ and Engine^Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Mxchabl Reynolds. With numerous IIlus< 



trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6d. cloth. 

'"will I 

lund, and &cts Siat every driver should be fiuniliar witb."—£n£'iish Mechanic. 



" From the tedmical knowledge of the author it will appeal to the railway n 
forcibly than anything written by Dr. Smiles. . . . The volume contains mf< 
nical lund, and facts Oiat every driver should be fkmiliar with."— fMs^/irA Mecha. 

"We should be glad to see this book In the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."— /rvw. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES : A Practical Treatise on 
the several Systems in Use in the United Kingdom; their Construction and 
Performance. With copious Illustrations and numerous Tables. By Michael 
Reynolds. Large crown Svo, gs. cloth. 
" A popular explanation of the different brakes. It will be of great assistance In forming pnblic 

opinion, and will be studied with benefit by those who take an mterest in the brake."— S^tf Alf A 

Mec/tanic. 

" Written with sufBcIeat technical detail to enable the principle and relative connection ot the 

various parts of each particular brake to be readily etaLspta,"—M€cJ$anical kForld, 

Engine-Driving lAfe. 

ENGINE-DRIVING LIFE : Stirring Adventures and Incidents 
in the Lives of Locomotive-Engine Drivers, By Michael Reynolds. Second 
Edition, with Additional Chapters. Crown 8vo. as. cloth. 

' ' From first to last perfectly fascinating. Wilkie ColHns's most thrOling conceptions are thrown 

nto the shade by true incidents, endless in their variety, related in every page."— A^((»r*A British Mail. 

"Anyone who wishes to get a real Insight into railway life cannot do better than read • Engine* 

Driving Life' for himself ; and if he once take it up he will find that the author's enthusiasm and real 

ove ofthe engineKlrivingpro£issioa wiU carry him on tiU he has read every page."— ^Sili;wni<s>Xtfv^^ 

docket Companion for Enginemen, 

THE ENGINEMAN'S POCKET COMPANION AND PRAC- 
TICAL educator for ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynolds. With Forty-five .Illustra- 
tions and numerous Diagrams. Second Edition, Revised. Royal zSmo, 3s. 6d,, 
strongly bound for pocket wear. 
" This admirable work is well suited to accomplish Its object, bdng the honest workmanship of 

a competent engineer." — Giasgow Herald* 

" A most meritorious work, giving in a succinct and practical form all the Information an engine* 

minder dedrous of masterinsf the scientific principles of his daily calling would require."— Jl/i^Wfr. 
" A boon to those who are striving to become efficient mechanics."— ZJaAJy Chronicle. 
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French'English Glossary for^ Engineers, etc. 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 
FRENCH, FRENCH-ENGLISH ; with Tables SHitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor. 200 pp. Waistcoat-pocket size, is* 6d,, 
limp leather. 

** It ousfht certainly to be In the waistcoat-pocket of erery professional man."— Iron. 
"It is a rery g:reat advantagfe for readers and correspondents in France and Eneland to have 

CO large a number of the words relating to eng^eeringf and manufacturers collected la a liliputian 

volume. The little book will be useful both to students and travellers.' —ArchiUct. 

.., " ^^® glossary of terms is very conplete, and many of the Ubles are new and well arranged. 

We cordially commend the YMO^J'—MechaniaU Worid, 

Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT. A Practical Manual for Owners and Users of Steam 
Engines generally. By Wiluam I>ysom Wansbrough. With 90 Illustra- 
tions. Crown 8vo, 35. 6d. cloth. 
" This is a worlc of value to those who use steam machfaierjr. . . . Should be read by every 

«ae who has a steam engine, on a farm or elsewhere."— ATar^fc Lane Express. 

" M^e cordially commend this work to buyers and owners of steam engines, and to those who 

have to do with their construction or use.'*— Timber Trades youmal. 

*' Such a general knowledge of the steam engine as Mr.wansbrough furnishes to the reader 

should be acquired by all intelkgent owners and others who use the steam t3\gme."—Bui/diH£- News. 
" An excellent text-book of this useful form of engine, which describes with all necessary 

minuteness the details of the various devices. . . ' The HinU to Purchasers contain a good deal o^ 

commonsense and practical wisdom."— i:'«^/tjA Mechanic. 
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MR. NUMBER'S IMPORTANT ENGINEERINQ BOOKS. 
The Water Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
6f CITIES AND TOWNS, By William Humber, A-M.InstC.E., and 
M. Inst. M.E., Author of " Cast and Wrought Iron Bridge Construction," 
&c. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 6s. elegantly and substantially half-bound m morocco. 
Liiiof Contents. 

I. Hifturic^] Sltfttch of smne *if the m&rjns -^ J s 
CtillL b^tve bCenadoptLd for the Supply" CjF W^ier 
CO Cttlc4 and Tawn^i,— II, iVafcj atnl the Fo- 
rei^zi Mattef ELSLiflUy Msociflted *iih it,- I [I. 
Rain/all and Ev-nfUKation.— IV. SpiidgS nd 
Cha watEr4ieiifiJi;j ri>rD)&riGna of VHricjuii is> 
faids-— V, Measurt;ment Ahd ILstlrOatlaH of he 
Cow tat Watar ~Vj. Ob the SeJcctfoci of ilie 
ScrtirMqf SiJpr,ly,_VlL WflUs-VlIi. lieser- 
voirs— IX, Thfi PuriacallQli of WdLcr,— X. 
FuiijjjS. — XL Punnjinjr Macjsinerv — ^H* 



CcndiiEt5._XIiL DlsEllbriElon -sf Wafer— XlV. 
Meiers, Service Pipes, an J Htniic Vixt'm^.^ 
XV, The Liii* an J Econoiny &f Wiier Works, 
XVT. ConstaEit iild ttiCcnuJttdiil Sitpply.— 
X I '. I>Escript3oq of I'lates- -^ AbpendiciMi 
ei .- Tables of Aat^ grf Siipjilv, Velcmitifiij 
& I •: r., tofi etliBr wi tb S pec jiic:itio-n4 c>f K vf^r^ 
W vr^-s L].jsir!!.t«d, amoni Wftikh vUI be found: 
Aberdcecv E^defsrH, omejflmry, r>Lind«4, 
H.lLifAJ^ L^mbetli, Ratbettaamt Dublm, uid 
otheis. 



" Ttie lUTst 5]r?tem4tk and t-a^aaUiv work upon water supply hitherto produced In EngfUsh, or 
tn ary otJjcf Ungfu-igWH . , . Mr. IIujnL>ers work is characterised almost throughout by an 
ex^Lt^veness m iicii moce dUHuctirt of French and German than of En^Ush technical treatises." 
—Engitteer. 

" We can congratulate Mr. Humber on havlngf been able to give so large an amount of faifor* 
mation on a subiect so important as the water supply of cities and towns. The plates, fifty in 
aumber, are mostly drawings of executed works, and alone would have commanded the attention 
of every engineer whose practice may lie in this branch of the profession."— i^Mt/^t^r. 

Cast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations. In Three Parts— Theoretical, Practical, and Descriptive. By 
William Humber, A. M.Inst. C.E., and M.Inst M.E. Third Edition, Re- 
vised and much improved, with 115 Double Plates (20 of which now first 
appear in this edition), and numerous Additions to the Text In Two Vols.t 
imp. 4to, £6 16s. 6d. half-bound in morocco. 

"A very valuable contribution to the standard literature of dvH engineering. In addition to 
elevations, plans and sections, large scale details are given which very much enhance the instruc* 
tive worth of those illustrations.'^-CwiZ^«pi««ra«rf Architect's youmal. 

"Mr. number's stately volumes, lately issued— in which the most important bridges erected 
during the last five vears, under the direction of the late Mr. Bnmel, Sir W. Cubitt, Mr. Hawk- 
chaw, Mr. Page^ Nlr. Fowler, Mr. Hemans, and others among our most eminent engineers, are 
tf«awn and specified in great d»taSL"—En£in€er, 



CROSBY LOCKWOOD &- SON'S CATALOGUE. 



MR. H UMBER'S GREAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price /la xas., balf-morocca Each 
Volume sold sepajrstely as follows :— 

i RECORD OP THE PROGRESS OP MODERN ENGINEER- 
ING. First Sbribs. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, tmd other Engineering Works, &c. By William Humbbr, 
A-M.Inst.C.E., &c. Imp. ito, with 36 Double Plates, drawn to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copiouB 
descriptive Letterpress, Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams. 



ThamM, West London Eztenrion RaOwair (f 
plat«sh Annonr Plates: Suspension Bridge, 
Thames (4 plates); The Allen Engine: Soa- 
pension Bridsre, Avon (3 plates) ; Undcssroand 
Railway (3 pbtas). 



Victotia Station and Roof. L. B. & S. C. R. 

gpUtes) ; Southport Pier (a plates) ; Victoria 
tation and Roof. L. C. & D. and G. W. R. (tf 
plates); Roof of Cremorne Music HaD ; Bridge 
over G. N. Railway ; Roof of Sution. Dutch 
Rhenish RaU (a pUtes) ; Bridge over the 

" Handsomely Uthographed and printed. It wHl fnd fcvotur with many who desire to preeerr* 
In a permanent form copies of the plans and specifications prepared for the guidance of thfS coop 
tractors for many important engineering irrorks. •~£ti£ifutr, 

HUMBERTS RECORD OP MODERN ENGINEERING. Seconh 
Sbribs. Imp. 4to, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C.E., M.P., F.R.S., &c., tmd copious descriptive Letterpress. 

• Specifications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams. 

and Abeinvenny Railway; Ebbw Viaduct 

Merthyr, Tredegar, and Abergavenny Rait- 

ly ; CoUe^ Wood Viaduct. Cornwall Rail- 



Birkenhead Docks, Low Water Basin (15 

"' tig Cross Station Roof. C. C. 

lates); Digswell Viaduct. Great 



SUtes); Charing Cross Station Roof. C 
Laflway (3 plates); Digswell Viaduct. Ct^m^ 
I Rilway; Robbery Wood VUduct. 



kaflway (; 

Northern <\Aun«jr ^ «v« , _ 

Great Northern Railway; Iron Permanent 
Way; Clydach Viaduct. Merthyr. Tredegar, 



way ; Dublm Winter Palace Roof (3 plates) ; 
Bridge over the Thames, L. C. & D. Railway 
{6 plates) ; Albert Harbour. Greenock (4 plates). 



' Mr. Humber has done the profession good and true service, by the fine coDection of examples 
he has here brought before the profession and the p\Mic''—Praauai Mtchani^s younuU. 

HUMBERTS RECORD OP MODERN ENGINEERING. Third 
Sbribs. Imp. 4to, with 40 Double Plates, Photoj^aphic Portrait of J. R. 
M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c., £3 3s. half-morocco. 

List of the Plates and Diagrams. 
Maim DaAiNAGP. M-E-moFot-i?,- ^\-rtA 

Sitif.— Map vhdwini; InlcrCitt>ti']n af Sewers; 
MiiJcUe LjcvqI Sewer \s plitfes) ; Ou trail Stwer, 
Bc4d|fC o*ct River Lea | ^ plaEeah DutralL St^'er, 
Bridge crTeT 3^ar!hh L^n^ Nurth WouLwich 
Kail^mVi uiH Bow bjilII Uajldni; R.a,ilif^ay June- 



Sewer. Reservoir and Outlet (4 plates) 

.~ . ~ ofS 

and South Sides). 



Sewer. Filth Hoist ; Sections 



. OntftB 
Sewers (North 



Thames embankment.— Section of Rhre» 
Wall : Steamboat Pier, Westminster (a plates): 
Landing Stairs between Charing Cross and 
Waterloo Bridges ; York Gate (a plates) ; Over- 
flow and Outlet at Savoy Street Sewer (3 plates) ; 
Steamboat Pier. Waterloo Bridge (3 plates) ; 

Function of Sewers, Plans and Sections; 
rullies, Plans and Sections; Rolling Stock; 
Granite and Iron Forts. 



'urfall SeneT, Bndf^E ovtr B&w and 

Barkfrvg Railway ^3 plalcfh Outtah Scuer. 
LrUl^e over Fast Ljcmnon Wcter^ork^' tec jer 
faplmtet); Outfall Seitrer, Resefvolr (splin-es); 
f lutfflSP "^-^wf^r. TiiFcLli-liciiCr 15 A V iMil Mucljijr : I mt- 
f^ ii. . . . ■ , =..,,„.=. fall 

SowtP. t. -■-> L.. ,.,:... faU 

" The drawings have a constantly increasing vahie, and whoever desires to possess clear repre> 
scntations of the two great works carried out by our Metropolitan Board will obtain Mr. Humber's 
rohmxt.''—£ft£iHeer. 

HUMBER'S RECORD OP MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John 
Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci- 
fications, &c., £s zs. half-morocco. 

List of the Plates and Diagrams. 



Mesopotamia; Viaduct over the River Wye. 

Midland Railway (3 plates) ; St. Germans Via. 
duct, Cornwall K^way [a plates); Wrought- 



Abbey Mills Pumping Station. Main Drain- 
age, Metropolis (4 plates) ; Barrow Docks (5 
plates) ; Manquis Viaduct, Santi^o and Val- 
paraiso Railway (a plates) ; Adam's Locomo- 
tive, St. Helen's Canal Railway (a plates) ; 
Cannon Street Station Roof. Charmg Cross 
Railway (3 plates) ; Road Bridge over thue River 
Moka (2 plates); Telegraphic Apparatus for 

"We gladly welcome another year's issue of this valuable publication from the able pen or 
Mr. Humber. The accuracy and general excellence of this work are well known, while its useful- 
ness in giving the measurements and details of some of the latest examples of engineering, as 
carried out by the most eminent men in the profession, cannot be too highly prized."— Artttran, 



Iron Cylinder for Diving Bell ; MillwaU Docks 
(6 plates); Milroy's Patent Excavator; Metro- 
poliun District Railway (6 plates); Harbours. 
Ports, and Breakwaters (3 plates). 
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MR, NUMBER'S ENGINEERING BOOKS— continued. 
Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS A ND SIMILA RSTR UCTURES, A ND THEIR STRENGTH. 
Consisting of Formulas and Corresponding Diagrams, with numerous details 
for Practical Application, &c. Bv William Humber, A-M.Inst.C.E., &c. 
Fifth Edition. Crown 8vo, nearly zoo Woodcuts and 3 Plates, 7s, 64. cloth 

" The fonnulx are neatly expressed, and the diagrams gcod."—j4t/ufueum. 

" We heartily commend this really Jiamfy book to our engineer and architect rMdofS."— Snr- 
Ush Mtchanic 

Barlow's Strength of Materials, enlarged byHumber 

A TREATISE ON THE STRENGTH OF MATERIALS; 
with Rules for Application in Architecture, the Construction of Suspension 
Bridees, Railways, &c. By Pbter Barlow, F.R.S. A New Edition, revised 
by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, F.R.S. ; to which 
are added. Experiments bv Hodgkinson, Fairbairn, and Kirkaldy ; tuid 
Formula tor Calculating Girders, &c. Arranged and Edited by W. Humber, 
A-M.Inst.C.E. Demy 8vo, 400 pp., with ig large Plates and numerous Wood- 
cuts, 1 8s. cloth. 

" Valuable aUke to the student, tyro, and the experienced practitioner. It wfB alirays rank In 
iire, as it has hitherto done, as the standard treatise on that] " 

" There is no greater authority than Barlow."— ^MtA^fn^ / 



ftiture, as it has hitherto done, as the standard treatise on that particular sab}eCL"—JSfi£iH€4r, 
" There is no greater authority than Barlow."— ^MtA^fn^ News. 
" As a scientific work of the first class, it deserves a foremost place on the bookshelves of every 



civil engineer and practical mechanic"— if >tf/*fA Mechanic. 



Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical and 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Useful Problems, Formulas, and Tables. By Lieut.-General Frohe, R.E. 
Fourth Edition, Revised and partly Re-written by Major General Sir Charles 
Warren, G.C.M.G., R.E. With 19 Plates and 115 Woodcuts, royal 8vo, i6s. 
cloth. 

*'The simple feet tiiat a fourth edition has been called for is the best testimony to Its merits. 
No words of praise from us can strengthen the position so well and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were necessary 
to bring every portion of the contents up to the present daXc."—Sr0ad Arrov, 

Field Fortification. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, 125. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, 
M.I.C.E. Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E. ; 
and with the addition of Description to Diagrams for Facilitating the Con- 
struction of Oblique Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, X2$» 
cloth. 

" The standard text-book for all engineers regarding skew arches Is Mr. Buck's treatise, and it 
would be impossible to consult a better?'— En^rineer. 

"Mr. Buck's treatise is rec<^^ised as a standard text-book, and his treatment has divested the 
subject of many of the intricacies supposed to belong to it. As a guide to the engineer and archi< 
tect, on a confessedly difficult subject, Mr. Buck's work is unsurpassed."— Building- News. 

Water Storage, Conveyance and Utilisation. 

WA TER ENGINEERING : A Practical Treatise on the Measure- 
ment, Storage, Conveyance and Utilisation of Water for the Supply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and 
Drainage Engineer, A.M.Inst.C.E., Author of '* Sanitary Work in the Smaller 
Towns, and in Villages," &c. • With numerous Illusts. Cr. 8vo, 7s. 6d. cloth. 
" As a small practical treatise on the water supply of towns, and on some applications of 

water-power, the work is in many respects excellent." —^«^'ff«rt«^. 

" The author has collated the results deduced from the experiments of the most eminent 

authorities, and has presented them in a compact and practical form, accompanied by very clear 

and detailed explanations. . . . The apphcation of water as a motive power is treated very 

carefully and e3iha\istive\y."—Buiider. 

"For anyone who desires to begin the study of hydraulics with a consideration of the practical 

applications of the science there is no better guide."— Architect, 
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Statics, Graphic and Analytic. 

GRAPHIC AND ANALYTIC STATICS, in their Practical Appii. 
cation to th€ Treatment of Stresses in Roofs, Solid Girders, Lattice, Bowstring 
and Suspension Bridges^ Braced Iron Arches and Piers, and other Frameworks. 
By R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
With namerous Examples, many taken from existing Structures. Specially 
arranged for Class- work in Colleges and Universities. Second Edition, Re- 
vised and Enlarged. 8vo, x6s. cloth. 
**Mr. Graham'* book win find a place wbererergnpUc and analytic statics an nsed or studied." 

" The wotkhexedaat from t practical point of vltv, tad has arldently been pnpand wkh 
much care. The directions for workinsr are ample, and are illustrated by an abundance of well' 
eelected eaamples. It Is an excellent text4xx>k for the practical draugmsman."— ^i!*CN«M»». 

Student's Text-Book on Surveying. 

PRACTICAL SURVEYING: A Text-Book for Students pre- 
paring for Examination or for Survey- work in the Colonies. By Gborgb 
W. UsiLL, A.M.I.C.E., Author of "The Sutistics of the Water Supply of 
Great Britain." With Four Lithographic Plates and upwards of 330 Illustra- 
tions. Second Edition, Revised. Crown Svo, ys. 6d. cloth. 
** The best forms of instruments are described as to thdr coostraction, uses and modes of 
employment, and there are innumerable hints on work and eouipment such as the author, in his 
experience as surveyor^ draughtsman and teacher, has found necessary, and which the student 



in his inexperience will find most serviceable."~£n,£rfo«^. 

" The latest treatise in the English lanfifuage on surrey _. 
ini: that the student will find it a better guide tlmn any of its predecessors 



The latest treatise in the English language on surreying, and we have no hesitation In say* 
_ hat the student will find it a better guide than any of its predecessors .... 
Deserves to be recognised as the first book which should be put in the nands of a pupil of Civil 



Engineering, and every gentleman of education who sets out lor the Colonies would find it well t J 
tiavea copy.—Architttt. 

"A very useful, practical handbook on field practice. Clear, accurate and not too con- 
densed."— y^MrMa/ qjr Editcation. 

Survey JPractice. 

AID TO SURVEY PRACTICE, for Reference in Surveying, Level- 
ling, and Setting-out ; and in Route Surveys 0/ Travellers by Land and Sea, 
With Tables, Illustrations, and Records. By Lowis D'A. Jackson, 
A.M.I.C.E.^ Author of ''Hydraulic Manual,*' "Modern Metrology," &c. 
Second Edition, Enlarged. Large crown 8vO| 12s. 6d. cloth. 
"Mr. Jackson has produced a valuable vade-nucum for the sxirveyor. We can recommend 
Cliis book as containing an admirable supplement to the teaching of the accomplished surveyor."— 

" Xs a text-book we should advise all surveyors to place tt In thdr libraries, and study wdl the 
cnatured instructions afforded in its pages."— CoUier-v Cuardian. 

" The author brings to his work a fortunate union of theory and practical experience which, 
aided by a clear and lucid style of writing, renders the book a very usefiU oxtm^'-^Suitder. 

Surveying, Land and Marine, 

LAND AND MARINE 5C7i?FEy/i\rG, in Reference to the Pre- 
paration of Plans f jr Roads and Railwavs ; Canals, Rivers, Towns* Water 
Supplies; Docks and Harbours. With Description and Use of Surveying 
Instruments. By W. D. Haskoll, C.E., Author of " Bridge and Viaduct Con- 
struction,*' &c. Second Edition, Revised, with Additions. Large cr.Svo.gs. cl. 
" This book must prove of great value to the student. We have no hesitation in recommend- 
ing it, feeling assured that it will more than repay a careful study."— Mechanical IVorld. 

" A most useful and well arranged book for the aid of a student. We can strongly recommend 
it as a carefully- written and valuabte text-book. It enjoys a well-deserved repute among surveyors." 
'•'BuiUUr. 

" This volume cannot fail to prove of the utmost practical utility. It may be safely reccmunended 
to all students who aspire to become clean and expert surv^ors."— AftMin^ youmai. 

Tunnelling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting, 
out of the works, Shaft-sinkingand Heading-driving, Raneing the Lines and 
Levellinflf underground, Sub-Excavating, Timbering, wa.a the Con»hiiction 
of the Brickwork ol Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. Bv FuttDXRiCK W. Simms, F.G.S., 
M.InstC.E. Third Edition, Revised and Extended by D. Kinnbar Clark, 
M.Inst. C.E. Imperial Svo, with ax Folding Plates and numerous Wood 
Engravings, 30s. cloth. 

"The estimation in which Mr. SImms's book on tunnelling has been held for ever thirty yean 

cannot be more truly expressed than in the words of the late Prof. Ranklne :— ' The best source of hi- 

formation on the subject of tunnels is Mr.F.W.Sinuns's work on Practical Tunnelling.' "—Architect, 

" It has been regarded from the first as a text book of the subject. . . . Mr. Clarke has added 

immensely to the value ol the book."— .E«^««r. 
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Levelling, 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LEVELLING, Showing its Application to purposes of Railway and Civil 
Engineering, in the Construction of Roads: with Mr.TsLFORD's Rules for the 
same. By Frederick W. Simms,F.G.S., M.Inst.C.E. Seventh Edition, with 
the addition of Law's Practical Examples for Setting-out Railway Curves, and 
Trautwine's Field Practice of Laymg-out Circular Curves. With 7 Plates 
and numerous Woodcuts, 8vo, 8s. 6d^ cloth. \* Trau twins on Curves 
may be had separate, 55. 

" The text-book on levelling in most of our englneerinsr »chooU and coUegw."— Engineer. 
" The publishers have rendered a substantial service to the profession, especially to the younger 
members, by bringing out the present edition of Mr. Siauns'i useful wotk,"—£H£ineeriHjr* 

Seat, Expansion by. 

EXPANSION OF STRUCTURES BY HEAT. By John 
Keily, C.E., late of the Indian Public Works and Victorian Railway Depart- 
ments. Crown 8vo, 3s. 6d. cloth. 

Summary of Contents. 
Section I. Formulas and Data, Section VI. Mechanical Force op 

Section II. Metal Bars. Heat. 

Section III. Simple Frames. Section VII. Work op Expansion 

Section IV. Complex Frames and and Contraction. 

Plates. Section VIII. Suspension Bridges. 

Section V. Thermal CoNDUCTrviTV. Section IX. Masonry Structures. 

" The aim the author has set before him, viz., to show the effects of heat upon metallic and 
other structures, is a laudable one, for this is a branch of physics upon which the engineer or archi* 
tect can find but little reliable and comprehensive data in books."— i^Mi^r. 

" Whoever b concerned to know the effect of changes of temperature on such structures as 
suspension bridges and the like, could not do better than consult Mr. Kelly's valuable and handy 
exposition of the geometrical principles involved in these change&."'-'ScotsmaH, 

JPractical Mathematics, 

MATHEMATICS FOR PRACTICAL MEN: Being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law, C.£. 4th Edition, carefully 
Revised by J. R. Young, formerly Professor of Mathematics, Belfast College. 
With 13 Plates, 8vo, £i is. cloth. 

" The engineer or architect will here find ready to his hand rules for solving nearly every mathe- 
matical difRcmty that may arise in his practice The rules are in all cases explained by means of 
examples, in which everj- step of the process is clearly worked out."— Builder. 

" One of the most serviceable books for practical mechanics. . . It is an Instructive book for 
the student, and a text-book for nmi who, having once mastered the subjects it treats of, needs 
occasionally to refresh his memory upon, them,"— Buiidifv Ntws, 

Hydraulic Tables. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, Pip^, and 
Rivers, With New Formulas, Tables, and Greneral Information on Rainfall, 
Catchment-Basins, Drainage, Sewerage^ Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.I.A. Third Ed., carefully 
Revised, with considerable Additions. Numerous Illusts. Cr. 8vo, 14s. cloth. 
" Alike valuable to students and engineers in practice ; its study will prevent the annoyance of 

avoidable failures, and assist them to select the readiest means of successfully carrying out any 

given work connected with hj'drauHc engineering."— 3/»>ii«^ yoitntal. 

" It is, of all English books on the subject, the one nearest to completeness. . . . From tfie 

good atrangement of the matter, the clear expKanations, and abundance of formulae, the carefully 

calculated tables, and, above all, the thorough, acquaintance with both theory and construction. 

which is displayed from first to last, the book w be found to be an acquisition.^'— ^rcAi;«rcr. 

Hydraulics. 

HYDRA ULIC MANUAL, Consisting of Working Tables and 
Explanatory Text. Intended as 9, Guide in Hydraulic Calculations and Field 
Operations. By Lowis D'A. Jackson, Author of "Aid to Survey Practice," 
" Modern Metrology,'' &c. Fourth Edition, Enlarged. Large cr. 8vo, i6s. cl. 

" The author has had a wide experience in hydraulic engineering and has been a careful ob- 
server of the facts which have come under his notice, and from the g(eat mass of material at his 
commsmd he has constructed a manual which may be accepted as a trustworthy guide to this 
■ ' ■■ ' , , „. heartfly recommend this volumeto all w*^- ^* 



branch of the engineer's profession. We can heartuy recommend this volume to all who desire to 

• Tuainted with the latest development of this important subject."— jp- — ' ' — 

The standard-work in this department of mechnnics.' —Scotsman. 



be acquainted with the latest development of this important subject."— j5«;^««r»«^. 
•* The standard-work in this department of mechnnics.' —Scotsman. 
" The most useful feature of this work is its freedom from what Is superannuated, and Its 



thorot^ adoption of recent exoeriments ; the text is, in UxX, in great part a short account of the 
great modem eiq;>eriments."— Aa/Mfv. 
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ON THE DRAINAGE OF LANDS, TOWNS AND BUILD- 
JNGS, By G. D. Dbmpsby, C.B., Author of *'The Practical Rulway En- 
mneer,'* &c. Revised, with laree Additions on Rbcbnt Prvcticb in 
Drainaob Bnoinebrino, by D. Kinnbar Clark, M.Inst.C.E. Author of 
''Tramways," "A Manual of Rules, Tables, and DaU for Engineers," &c. 
Second Edition, xamo, 5s. cloth. 
" The new nutter added to Mr. Dempsey's ezceDent work is characterised by the comprehen* 

sire grasp and accuracy of detail for which the name of Mr. D. K. Clark is a sufflcient voucher."— 

j4tM<fun*m. 

" As a work on recent practice in drainage engineering, the book is to be commended to all 

who are making that branch of engineering science their special study."— /ron. 

" A comprehensive manual on drainage engineering, and a useful introduction to the student." 

Tramways and their Working, 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. 
Embracing a Comprehensive History of the System ; with an exhaustive 
Analysis of the various Modes of Traction, includine Horse-Power, Steam, 
Heated Water, and Compressed Air ; a Description of the Varieties of Rolling 
Stock • and ample Details of Cost and Working Expenses : the Progress 
recently mi^de m Tra;nw.^v Construction, &c. &c. By D. Kinnbar Clark. 
M.Inst.C.E. W it h pv e r :;. o Wood Engravings, and 13 Folding Plates. Twa 
VoU,, latKe crown Svo, 31 15. cloth. 
*' All iriter^t«d En rr^vmwny^ mi ■■ ^ t refer to it, as all railway engineers have turned to the author^ 

work ^ R>i]wa$< Matliin*fy*"— i:wi'j>J'^*r. 

" Ad bxhaijitivF and (iraciJoaJ ^uik. on tramways, in which the history of this Und of k>como> 

tlon, and a d«cri|]tuin and ccKt of the various modes of laying tramways, are to be found."— 

*' The b^t fcinn of fafls. thi€ ^e»f mode of construction, and the best mechanical MppltiMno» 
MxE FI3 fAitLy ixLdtrjiEed \ti the wi>rk UE^der review, that any engineer about to construct a tramway 
will 1>e ciublfad at ddcc la oliuifi tbe practical information which will be of most service to him.' — 
AthefurufH, 

Oblique Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION OP 
OBLiqUE ARCHES, By John Hart. Third Edition, with Plates. Im- 
perial bvo, 85. cloth. 

Curves, Tables for Setting-out, 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 
for Setting'Out Curves from 5 to aoo Radius. By Alexander Bbazelby, 
M.Inst.C.E. Third Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 35. 6d. 
" Each table is printed on a small card, which, being placed on the theodolite, leaves tte hands 

free to manipulate uie instrument— no small advantage as regards the rapidity of ■wotlc."—Efi£ifU€r. 
" Very handy ; a man may know that all his day's work must fa on two of these cards, wluch 

he puts into his own card-case, and leaves the rest behind."— ^/A/yMrMi». 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic 
Yards of Embankments, Cuttings, &c.,of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis Cahpin, C.E. Crown 
Bvo, 55. cloth. 

" The way in which accuracy is attained, by a simple division ot each cross section into three 
elements, two in which are constant and one variable, is vag&aiov&."—Athen<sutn. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS: A 
Practical and Theoretical Essay. By J. H. Watson Buck, M.InstC.E.» 
Resident Engineer, London and North-western Railway. Illustrated with 
Folding Plates, royal 8vo, 125. cloth. 

" Many of the methods given are of extreme practical value to the mason ; and the observations 

on the form of arch, the rules for ordering the stone, and the construction of the templates will be 

found of considerable use. We commend the book to the engineering profession."— BuiUtittg' JVews. 

"Will be regarded by civil engineers as of the utmost value, and calculated to save much time 

and obviate many mistakes."— Co/^i^ry Guardian, 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA. 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates, By J. H. Watsoh 
Buck, M.Inst.C.E. On a Sheet, 25. 6rf. 
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Ifiver Engineering. 

RIVER BARS: The Causes of their Formation, and their Treat- 
ment by •' Induced Tidal Scour ; " with a Description of the Successful Re- 
duction bv this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. 
to the Dublin Port and Docks Board. Royal 8vo, 7s. 6d, cloth. 
" We recommend all interested in harbour works— and, indeed, those concerned in the ira- 

erovements of rivers generally— to read Mr. Mann's interesting; work on the treatment of river 
iK."—£ftgineer, 

Tmsses 

TRUSSES OF WOOD AND IRON, Practical Applications of 
Sciencein Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction, with Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 45. 6d. cloth. 
•• This handy little book enters so minutely Into every detail connected with the construction of 

roof trusses, that no student need be is:norant of these matters."— i^rocTK^a/ En^rteer, 

Railway Working. 

SAFE RAILWAY WORKING. A Treatise on Railway Acci- 
dents: Theit Cause and Prevention; with a Description of Modern Appliances 
and Systems. By Clement E. Stretton, C.E., Vice-President and Con- 
sulting Engineer, Amalgamated Society of Railway Servants. With Illus- 
trations and Coloured Plates. Second Edition, Enlarged. Crown 8vo, 3s. 6d, 
cloth. [Just published. 

" A book for the engineer, the directors, the manacrcrs ; and, in short, all who wish for informa- 
tion on railway matters will find a perfect encyclopaedia in ' SaJfe Railway Working. "—RailTuay 
Review. 

" We commend the remarks on railway signalling to all railway managers, especially where a 
uniform code and practice is advocated."— ^^r«/a/A'j RaUiuay youmal. 

" The author may be congratulated on having collected, in a very convenient form, much 
valuable information on the prmcipal questions affecting the safe workirg of railways."— ^a*7- 
"way Engineer. 

Field'Booh for Engineers, 

THE ENGINEER'S, MINING SURVEYOR*S, AND CON~ 
TRA CTOR 'S FIELD-BOOK. Consisting of a Series of Tables, with Rules. 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datura, and Plotting Sections in the ordinary manner; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Angles by sets of Tangents and Off- 
sets ; and Earthwork Tables to 80 feet deep, calculated for every 6 inches in 
depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. Fourth 
Edition, Enlarged. Crown 8vo, 12s. cloth. 

"The book is very handy ; the separate tables of sines and tangents to every minute will make 

it useful for many other purposes, the g^enuine traverse tables existing all the saaae."-~jttAe*ueum. 

"Every person engaged in engineenng field operations will estimate the importance of such a 

work and the amount of valuable time which will be saved by reference to a set of reliable tables 

prepared with the accuracy and fulness of those given in this irolvan»."~-Jiaiiwqy Newx» 

Earthwork^ Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. Second Edition. i8mo, as. 6d. cloth 

" A great amount of practical information, very admirably arranged, and available for rough 
estimates, as well as for the more exact calculations required in the engineer's and contractor's 
offices."— ^r/MOM. 

Strains in Ironwork. 

THE STRAINS ON STRUCTURES OF IRONWORK; with 
Practical Remarks on Iron Construction. By F. W. SheildSj M.Iast.C.£« 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 
The student cannot find a better little book on this su\4ect."—£n£ituer. 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Tredqold, C,E, Fifth 
Edition, iocluding Hodqkinson's Experimental Researches. Svo, 12s. cloth. 
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Construction. 

THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Princiblet of Construction, By E, Wyndham Tarm, M.A., Architect. 
Third Edition, Enlarfred, with 59 Engravings. Fcap. 8vo, 4s. clotb^ 
" A rery Tahuble book, which we stronffly reconunend to mil students."— ^M^^Srfcr. 
" No architectural student should be wuhout this handbook.' —ArehitecU 

ViUa Architecture. 

A HANDY BOOK OP VILLA ARCHITECTURE: Being a 
Series of Designs for Villa Residences w various Styles. With Outline 
Specifications and Estimates. By C. Wickbs, Author of "The Spires and 
Towers of England," &c. 61 Plates, 4to, £1 iis, 6d. half-morocco, gilt edges. ' 
" The whole of the dHignt bear eridence of their bein£ the w<Mrk of an artistic architect, and 
Ihey will prove very valuable and %uggeitiin."—Bu$/din£Niwt, 

Text'Book for Architects. 

THE ARCHITECT'S GUIDE: Being a Text-Booh of Useful 
Information for ArchitectSt Engineers, Surveyors^ Contractors, Clerks of 
Works, &e. &c. By Frederick Rogers, Architect, Author of " Specifica- 
tions for Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 65. cloth. 

" As a text-book of useftil information for architects, engineers, surveyors, &c^ it would be 
hard to find a handier or more complete little rolume."—S/andard. 

"Ayonag architect could hardly have a better guide-book."— r*m^er Trades youmoL 

Taylor and Cresy's Borne. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New 
Edition, thorotighly Revised by the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.], Fellow of Queen's College, Oxford, and Chap- 
lain of Gray's Inn. Large folio, with 13c Plates, half-bound, 3^3 35. 
" Taylor and Cresy's work has from Its first publication been ranked among those profesrional 
books which cannot be bettered. ... It would be difficult to find examples of drawings, even 
among those of the nost painstaking students of Gothic, more thoroughly worked out than are the 
one hundred and thirty plates in this rolvaa.e."—Architt£t. 

Jjinear Perspective. 

ARCHITECTURAL PERSPECTIVE : The whole Course and 
Operations of the Draughtsman in Drawing a Large House in Linear Per- 
spective. Illustrated by 39 Folding Plates. By F. O. Ferguson. Demy 
8vo, 35. 6d. boards. IJ^tst published. 

Architectural I>ratving. 

PRACTICAL RULES ON DRA WING, for the Operative Builder 
and Young Student in Architecture. By George Pynb. With 14 Plates, 4to, 
7s. 6d. boards. 

Sir Wm. Chambers on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and 
an Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Revised 
and Edited by W. H. Leeds, with a Memoir of the Author. 66 Plates, 4to, 
2is, cloth. 

House Building and Bepairing. 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it Cost 
to Buili, Alter, or Repair? A Price Book adapted to the Use of Unpro- 
fessionil People, as well as for the Architectural Surveyor and Builder. By 
Jambs D. Simon. A.R.I.B.A. Edited and Revised by Francis T. W. Miller, 
A.R.I.B.A. With numerous Illustrations. Fourth Edition, Revised, Crown 
8vo, 3s. 6d. cloth. 
" In two years it will repay its cost a hundred times one.*'— -Field, 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introductioni 
General Explanations, and Description of each Plate. By James W. Bogus, 
Architect, Author of '• Domestic Architecture," &c. 4to, los. 6d. cloth, 
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The New Builder's JPHce Bookf 1892. 

LOCK WOOD'S BUILDER'S PRICE BOOK FOR 1892. A 

Comprehensive Handbook of the Latest Prices and Data for Builders. 

Architects, Engineers and Contractors. Re-c obstructed, Re-written ana 

Further Enlarged, By Francis T, W. Miller. ;oo closely-printed pages, 

crown 8vo, 45. cloth. [Just published. 

•' This book is a very useful one, and should find a place in every English office connected with 
the buildiof^and engineering professions." — Industries. 

"This Price Book has tMeen set up in new type. . . . Advantage has been taken of the 
transformation to add much additional mformation, and the volume is now an excellent book of 
le ference. "—A rehired. 

" In its new and revised form this Price Book is what a work of this kind should be — compro- 
hensive, reliable, well arraneed, legible and well hoMod.'— British Architect. 

" A work of establishea reputation." — Athenaum. 

" This very useful handbook is well written, exceedingly clear in its explanations and great 
care has evidently been taken to ensure acc\mcy."—Mcrfiin£' Advertiser, 

Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEASUR- 
ING and VALUING ARTIFICERy WORKS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantities into 
Bill, with Tables of Constants for Valuation of Labour, and for the Calcula- 
tion of Areas and Solidities. Originally edited by Edward Dobson, Architect. 
With Additions on Mensuration and Construction, and a New Chapter on 
Dilapidations, Repairs, and Contracts, by E. Wyndham Tarn, M.A. Sixth 
Edition, including a Complete Form of a Bill of Quantities. With 8 Plates and 
63 Woodcuts. Crown 8vo, 75. 6d. cloth. 

" Well fulfils the promise of its title-page, and we can thoroughly recommend it to the clasi 
for whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
usefulness of the work, and have especially augmented its value to students."— ^«pi«^*r»Vi^. 

"This edition will be found tAemost complete treatise on the principles of measuring and 
valuing artificers' work that has yet been pixhiishod,"-~£uUdtngr ^'ews, 

JPocket Estimator and Technical Guide. 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, Complete 
Specifications for Houses, Roads, and Drains, and an easy Method of Estimat- 
ing the parts of a Building collectively. By A. C. Beaton, Author of 
"Quantities and MeasuremeiUs," &c. Sixth Edition, Revised. With. 53 
Woodcuts, waistcoat-pocket size, is. 6d. gilt edges. [Just published. 



" No builder, architect, surveyor, or valuer should be without his ' Beaton." •^Buiidin^ News. 
"Contains an extraordinary amount of information in daily requisition hi measunng and 
estimating. Its presence in the pocket will save valuable time and Uonhle."—Buiidin£' JVorJd. 

Donaldson on Specifications. 

THE HANDBOOK OP SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and Constructions. Illustrated by 
Precedents of Buildings actually executed by eminent Architects and En- 
dneers. By Professor T. L. Donaldson, P.R.I.B.A., &c. New Edition, in 
One large vol., 8vo, with inwards of 1,000 pages of Text, and 33 Plates, 
£1 IIS. 6d. cloth. 

*'In this work forty-four specifications of executed works are given. Including the spedfica* 
tlons for parts of the new Houses of Parliament, by Sir Charles Barry, and for the new Royal 
Exchange, by Mr. Tite, M.P. The latter, in particular, is a very complete and remarkable 
document. It embodiesL to a great extent, as Mr. Donaldson mentions, 'the bill of quantities 
with the description of the works.' ... It is valuable as a record, and more valuable still as a 
book of precedents. . . . Suffice it to say that Donaldson's 'Handbook of SpedficatiODS 
must be bought by aU wcchit9cts,"— Builder, 

Bartholomew and Rogers^ Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 

on the Structure and Science of Modern Buildings. Upon the Basis of the 

Work by Alfred Bartholomew, thoroughly Revised, Corrected, and greatlv 

added to by Frederick Rogers, Architect. Second Edition, Revised, with 

Additions. With numerous Illastrations, medium 8vo, 15$. cloth. 

" The collection of specifications prepared br Mr. Rogers on the basis of Bartholomew's work 

Is too well known to need any recommendation n'om us. It is one of the books with which every 

young architect must be equipped ; for time has shown that the specifications cannot be set aside 

throi^ any defect in ihsm."— Architect. 
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Building ; Civil and Ecclesiastical. 

A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration ; with the Theory of Domes and the Great Pyramid, &c. 
By Sir Edmund Beckett, Bart., LL.D., F.R.A.S., Author of "Clocks and 
Watches, and Bells," &c. Second Edition, Enlarged. Fcap. 8vo, 5s. cloth. 
" A book wnich b always amuslngr and nearly alwavs Instructire. Tht style throucliottt is in 
<he highest degree condensed and epigranunatic."— 7im«/. 

Ventilation of Buildings. 

VENTILATION. A Text Book to the Practice of the Art 0) 
Ventilating Buildings. With a Chapter upon Air Testing. By W. P. Buchan, 
R.P., Sanitary and Ventilating Engineer, Author of •' Plumbing," &c. With 
170 Illustrations. lamo, 45. cloth boards. [just published, 

TJie Art of Blumbing. 

PLUMBING. A Text Book to the Practice of the Art or Craft of 
the Plumber, with Supplementary Chapters on House Drainage, embodying the 
latest Improvements. By William Paton Buchan, R.P., Sanitary Engineer 
and Practical Plumber. Sixth Edition, Enlarged to 370 pages, and 380 
Illustrations, iimo, 4s. cloth boards. 

- . • the ha 

,1 professors."- 

.. , _, ixez.1 "'-*^ --- 

of the plumber's axt.'—Bui/ding' News. 

Geometry for the Architect^ Engineer ^ etc. 

PRACTICAL GEOMETRY, for the Architect, Engineer and 
Mechanic. Giving Rules for the Delineation and Application of various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect. 
Author of "The Science of Building," &c. Second Edition. With 172 Illus- 
trations, demv 8vo, 95. cloth. 

" No book with the same objects in view has erer been published in which the clearness of the 
rules laid down and the illustrative diagrams have been so satisfactory."— 5a7/xman. 

The Science of Geometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved 
by the mere Description of Circles^ and the use of Coloured Diagrams and 
Symbols. By Oliver Byrne. Coloured Plates. Crown 8vo, 35. td, cloth. 
" The treatise is a good one, and remarkable— like all Mr. Byrne's contributions to the sctenc* 
of •geometry— for the lucid character of its teaching."— ^MtlA/t^v Nezus, 



" A text book which may be safely put in the hands of every young plumber, and which will 
be found useful by architec*^s and medical professors."— i?«i/*fr, 
' A valuable text book, and the only treatise which can be rt garded as a really reliable manual 
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Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 
AND MARBLES, as Taught and Practised by A. R. Van der Buro and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
iSi by 12k in.f Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £x iis,6d. 
List of Plates. 
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*»• Opinions of the Press. 

*' Those who desire to attain skiU in the art of painting woods and marbles will find advantage 
In consulting this l>ook. . . . Some of the Working Men's Clubs should give their young men 
the opportunity to study It."— J?Mi/i<^r. ' * •• 

" A comprehensiTe guide to the art. The explanations of tiie processes, tiie manipulation and 
ooanagemant of the colours, and the beautiiuUy executed plates will not be the least valuable to the 
student who ahns at making his work a foithful transcript of nature."— ^«i6A"«;^ Ntws, 



DECORATIVE ARTS, etc. 17 

Mouse Decoration, 

ELEMENTARY DECORATION, A Guide to the Simpler 
Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, &c. By James W. Facby, Jun. With 68 Cuts, xamo, 2s. 
cloth limp. 

PRACTICAL HOUSE DECORATION : A Guide to the Art of 
Ornamental Painting, the Arrangement of Colours in Apartments, and the 

?rinciples of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By Jambs William Facey, Author of " Elementary 
Decoration," &c. With numerous Illustrations. lamo, 2s. 6d. cloth limp. 
N.B.—The above Two Works together in One Vol,, strongly half-bound, 5*, 

Colour. 

A GRAMMAR OP COLOURING. Applied to Decorative 
Painting and the Arts. Bv George Field. New Edition, Revised, Enlarged, 
and adapted to the use ot the Ornamental Painter and Designer. By Ellu 
A. Davidson. With New Coloured Diagrams and Engravings, xamo, 35. M, 
cloth boards. 
"The book is a most useful resume of the properties of pigments."— PwiUler. 

House JPaintinfff Chraining^ etc. 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson. Sixth Edition. 
With Coloured Plates and Wood Engravings. lamo, 6s. cloth boards. 
" A mass of information, of use to the amateur and <Sf value to the practical mBn."— English 
Mechanic. 

"Simply invaluable to the youngster entering upon this particular calling, and highly service 
able to the man who is practising ii^— Furniture Gazette, 

Decorators^ Receipts for, 

THE DECORATOR'S ASSISTANT: A Modem Guide to De- 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa- 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. Fourth Edition, Revised. 152 pp., crown 8vo, is. in wrapper. 
" Full of receipt of value to decorators, painters, gUders, &c. The book contains the gist of 

larger treatises on colour and technical processes. It would be difficult to meet with a work so full 

of varied information on the painter's art."— ^«^/rft«^ A''(fwj. 

" We recommend the work to all who, whether for pleasure or profit, require a guide to decora. 

tioa."—Pium6€r and Decorator, 

Moyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN, 
By J. MoYR Smith. Super-royal 8vo, with 32 full-page Plates and numerous^ 
smsiller Illustrations, handsomely bound in cloth, gilt top, price 185. ' 
" The booit is well illustrated and handsomely got up, and contains some true criticism and a. 
good many good examples of decorative treatment."— TA* Buiider. 

" This is the most elaborate and beautiful work on the artistic decoration of interiors that we 
have seen. . . . The scrolls, panels and other designs f»om the author's own pen are yety 
beautiful and chaste : but he takes care that the designs of other men shall figure even more than 
his oym"-~Lit/erpool Albion. 

" To all who take an interest in daborate domestic ornament this handsome volume will be 
welcome. "—Graphic 

British and Foreign Marbles. 

MARBLE DECORATION qnd the Terminology of British and 
Foreign Marbles, A Handbook for Students. By George H. Blagrove. 
Author of " Shoring and its Application," &c. With 28 Illustrations. Crowiv 
8vo, 35. 6d. cloth. 

" This most useful and much wanted handbook should be in the hands of every architect and 
hwlder."— Building JVorld. 

•• It is an excellent manual for students, and interesting to artistic readers generally. "—5tf/«r</<y 
Review. 

" A carefully and usefully written treatise ; the work is essentudly pncticaL"ScotsfnaH. 

Marble Working, etc. 

MARBLE AND MARBLE WORKERS: A Handbook for 
Architects, Artists, Masons and Students. Bv Arthur Lbs, Author of " A 
Visit to Carrara," *• The Working of Marble," &c. Small crown 8vo, 2s. cloth. 
" A really valuable addition to the technical literature of architects and masons."— Building 

News 

C 
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DELAMOTTE'8 WORKS ON ILLUMINATION AND ALPHABETS. 

A PRIMER 0^ THE ART OF ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directicms for 
its exercise, and Examples taken from Illaminated MSS., printed in Gold and 
Colours. By F. Dslamottb. New and Cheaper Edition. Small 4to, 6s. orna- 
mental boards. 
" The examples of andent MSS. recommended to the stndent, which, with much £Ood sense, 

the aathor chooses from collections >ccessit)le to all, are selected with jiid|[rment and anoiriedee, 

as weU as tuttit.'*'^Ath*fuium, 

ORNAMENTAL ALPHABETS, Ancient and Mediaval, from the 
Eighth Century, with Numerals; including Gothic, Church-Text, large and 
small, German, Italian, Arabesque^ Initials for Illumination, Monograms, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, En^avers, 
Carvers, &c. &c. Collected and Engraved bv F. Delamotte, and printed in 
Colours. New and Cheaper Edition. Royal 8vo, oblong, u. 6d. ornamental 
boards. 
" For those who faisertenameBed sentences round gflded chaHces, who blazon shop legends over 

sho 3-doors, who letter church walls with pithy sentences from the Decalogue, this book wiU be use- 

fuL —Atfiettaum. 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental: 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, En^ossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Origmal Designs, and an Analysis of the Roman and Old En^sh 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur- 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and En^aved by F. Delamotte, and printed in Colours. New 
and Cheaper Edition. Royal 8vo, oblong, as. 6d. ornamental boards. 
"There Is comprised In it ertry possible shape into which the letters of the alphabet and 

numerals can be foimed, and the talent which has been ezi>eaded in the conception of the various 

plain and ornamental letters is wonderfxiL"— ^Standard, 

MEDIMVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NA TORS. By F. G. Dblamottb. Containing ai Plates and niuminated 
Title, printed in Gold and Colours. With an Introduction by J. Willis 
Brooes. Fourth and Cheaper Edition. Small 4to, 45. ornamental boards. 
" A volume In which the letters of the alphabet come forth rlorified in sliding aadafi the colours 

of the prism interwoven and intertwined and intermins^led."— ^mm. 

THE EMBROIDERER'S BOOK OF DESIGN, Containing 
Initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modem Alphabets, and National. Emblems. Col- 
lected by F. Delamotte, and printed in Colours. Oblong royal 8vo, is. 6d. 
ornamental wrapper. 
"The book wifl be of p-eat assistance to ladles and young children who are endowed with the 

art of plying the needle in this most ornamental and useful pretty work."— £ax^ Ak^lian Tinus. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs: with 
Hints on Design. By A Lady. With Ten Plates. New and Cheaper Edition. 
Crown Svo, ss. in emblematic wrapper. 

" The handicraft of the wood-carver, so well as a book can Impart It, may be learnt from ' A 
Lady's ' publication.**— ^/A^n<7Mm. 

" The directions given are plain and easily understood."— ^MSf/irA Mechanic 

Glass Painting. 

GLASS STAINING AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gessert and Emanuel Otto Frombero. 
With an Appendix on The Art of Enamelling, xamo, as. 6d, cloth limp. 

Letter JPainting. 

THE ART OF LETTER FAINTING MADE EASY. By 
James Grbiq Badenoch. With xa full-page Engravings of Examples, is, 6d, 
cloth limp. 

" The 9)rstem b a simple one, but quite original, and well wortii the careAd attention of letter 
painters. It can be eadly mastered and remembered,"— ^irfWftv News, 
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CARP ENTRY, TIMBER , etc. 

Tredgold^s Carpentry, Hevised A Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 
A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist- 
ance of Timber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting Iron and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties of Timber, &c., with Descriptions of the kinds 
ef Wood used in Building ; also numerous Tables of the Scantlings of Tim- 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C.E. with an Appendix of Specimens of Various Roots of Iron 
and Stone, Illustrated. Seventh Edition, thoroughly revised and considerably 
enlarged by E. Wyndham Tarn, M.A., Author ot "The Science of Build- 
ing," &c. with 6i Plates, Portrait of the Author, and several Woodcuts. In 
one large vol., 4to, price £i 5s. cloth. 

"Oujfht to be in every architect's and every buflder't Ubranr."— ^m<U^. 
y- "A work whose monumental excellence must conmiend it wherever skilful carpentry Is con* 
eemed. The author's principles are rather confirmed than Impaired by time. 'The additional 
plates are of ^eat intrinsic value."— ^Mt^i;^ News. 

Woodworking Machinery, 

WOODWORKING MACHINERY : Its Rise, Progress, and 
Construction. With Hints on the Management of Saw Mills and the Economi- 
cal Conversion of Timber. lUustratediwith Examples ot Recent Designs by 
leading English, French, and American Engineers. By M. Powis Balb, 
A.M,Inst.C.E., M.I.M.E. Large crown 8vo, 12s. 6d, cloth. 
" Mr. Bale is evidently an expert on the subject and he has collected so much Information that 

<ils book is all'Sufficient for builders and others engaged in the conversion of timber."— ^f^Ati^^c/. 
"The most comprehensive compendium of wood-workingr machinery we have se&. The 

author is a thorouj^h master of his suhicct."—BuiidiH£- News. 

" The appearance of this book at the present time will, we should think, give a consid' rabia 

Impetus to the onward march of the machinist engaged in the desif^Ung and manufacti re of 

«vood- working machines. It should be in the office of every wood- working Uctory."-^£f £rUsh 

tfechanic. 

Saw Mills, 

SA W MILLS : Their Arrangement and Management, and the 
Economical Conversion of Timber. (A Companion Volume to " Wood work- 
ing Machinery.") By M. Powis Balb. With numerous Illustrations. Crow 
8vo, 105. 6d. cloth. 
" The administration of a large sawincr establishment is discussed, and the sublect examinew 

Arom a financial standpoint. We could not desire a more complete or practical treatise."— ^Mj/rfer. 
" We highly recommend Mr. Bale's work to the attention and perusal of aU those who are en* 

gaged in the art of wood conversion, or who are about bnilding or tesaodeUing saw-mills on im- 

proved principles."— ifMiA/t^v News, 

Carpentering. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementary Principles essential for acquiring a 
knowledge of Carx)entry. Founded on the late Peter Nicholson's Standard 
Work. A New Edition, Revised by Arthur Ashpitel, F.S.A. Together 
with Practical Rules on Drawing, by George Pymb. With 74 PlateSf 
4to, 3^1 15. cloth. 

Handrailing and Stairbuilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and Squaring the Wreath. By George 
CoLLiNGS. Second Edition, Revised and Enlarged, to which is added A 
Treatise on Stairbuilding. With Plates and Diagrams, izmo, is, 64. 
cloth limp. 

* ' Will be found of practical utility In the execution of this difficult branch of Jeinery."— ^m/U^t. 

" Almost every difficult phase of this somewhat intricate branch of Joinery is elucidated by the 
aid of plates and explanatory l&Xarpress."— Furniture GaseUe, 

Circular Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 

Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of " A Practical Treatise on Handrailing.'* Illus- 
trated with numerous Diagrams. Second Edition, xamo, ss. 64, dbth limp. 
" An excellent example of what a book of this kind should be. Cheap in price, clear in defini- 
tion and practical in the examples selected."— Z/M<£i<<r. 
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Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION. Containing New and Copious Tables of the Reduced Weight tmd 
Measurement of Deals and Battens, of all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
nven Frice per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet; the proportionate 
Value oi Deals and Battens by the Standard, to Square Timber by the Load 
of so Feet ; the readiest mode of ascertainmg the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, &c. &c Bv 
William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 35. ci. 

*• We are iflad to see a fourth edition of these admirable tables, which for correctness and 
rimpHcity of arrang^ement leave nothine to be desired."— 7iw*/r Trades yournaL 

"An exceedingly well-arranged, dear, and concise manual of tables for the use of all who bay 
or ten timber."— 7^Mr»a/ qf forestry, 

Practical Timber Merchant 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for the use of Building Contractors, Surveyors. Builders, &c„ comprising 
useful Tables for all purposes connected with tne Timber Trade, Mark's 0? 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. Richardson. Fcap. 8vo, 3s. 6d. cloth. 
** This handy manual contains much valuable information for the use of timber merchant?, 

btdlders, foresters, and all others connected with the growth, sale, and manufacture of timber."— 

ycumtU^ FoTiStry, 

Timber Freight Booh. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson, Timber Broker; together with a Chapter on •• Speeds of Saw 
Mill Machinery," by M. Powis Bale, M.I.M.E., &c. lamo, 3$. 6d. cl. boards. 
"A vory useful manual of rules, tables, and memoranda relating to the timber trade. We re* 

commend it as a compendium of calculation to all timber measurers and merchants, and as supply* 

Ing a real want in the trade."— ^Mt/i/tn^ Nrws. 

Facking-Case Makers, Tables for. 

PACKING-CASE TABLES ; showing the number of Super- 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Third Edition. Oblong 4to, 3s. 6d, cl, 

"Invaluable labour-saving tables."— /ronmomtr, 

" WiU save much labour and calculation."— (^rocrr. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA^ 

SUREMENT. Tables calculated from x to 200 inches in length, by i to 108 

inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 

Merchants. Builders* && By James Hawkinqs. Third edition. Fcap.» 

35. 6d. cloth. 

" A useful collection of tables to fkcOitate rapid calculation of surfaces. The exact area of any 

sorfisce of which the limits have been ascertained can be instantly determined. The book will tm 

found of the greatest utility to all engaged in building ooerations."— Aw/^maM. 

" These tables will be found of great assistance to all who require to make calculations in super* 
fidal measurement."— ^M^/fcf A Mechanic, 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Care of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B. 
Hough. Large crown 8vo, 105. cloth. 

Timber Im^porter^s Guide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND 
BUILDERS STANDARD GUIDE. By Richard E. Grandt. Compris- 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Vsuues and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised. i2mo, 2s. cloth limp. 
" Everything it pretends to be : built up gradually, it leads one from a forest to m treenail, and 

throws in, as a makeweight^ a host of material concerning bricks, columns, dstems, StCt'—En^lish 

Msckanie. 
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MARINE ENQINEERING, NAVIGATION, etc. 

Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificates for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical Notes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. By Thomas W. Traill, F.E.R. N ., 
M. Inst. C.E., Engineer Surveyor in Chief, Board of Trade, Inspector of 
Chain Cable and Anchor Proving Establishments, and General Superin- 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 25. cloth, 
bevelled boards. 

" It contains a vast amount of valuable information. Nothinsr seems to be wanting to make it 
« complete and standard worlc of reference on the subject."— iVaM/w-a/ Magazine, 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise 
on). By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with 
considerable Additions by the Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool. i2mo, 5s. cloth boards. 
•• Well adapted to give the young steamship engineer or marine engine and boiler maker a 
general mtroduction into his practical w/ox^i."— Mechanical World. 

" We feel sure that this thoroughly revised edition will continue to be as popular in the future 
as it has been in the past, as, for its size, it contains more useful infoimation than any sio^r 
treatise. "— /;i<f«f/r»Vf. 

The information given is both sound and sensible, and well qualified to direct young sea- 
going hands on the straight road to the extra chiefs certficate. Most useful to survejors, 
inspectors, draughtsmen, and all young engineers who take an interest in their profession."— 

Glasgow Herald, 
"An mdispensable manual for the student of marine en^eetlag"— Liverpool Mercury, 

PockeUBooh for Naval Architects and Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET-BOOK of Formula, Rules, and Tables,and MARINE ENGINEER*S 
AND SURVEYOR'S Handy Book of Reference. By Clement Mackrow, 
Member of the Institution 01 Naval Architects, Naval Draughtsman. Fourth 
Edition, Revised. With numerous Diagrams, &c. Fcap., 125. 6d. strongly 
bound in leather. 

" Will be found to contain the most useful tables and formulae required by shipbuilders, carefully 
collected from the best authorities, and put together in a popular and simple iotra."—Jingineer. 

"The professional shipbuilder has now, m a convenient and accessible form, reliable data foi 

solving many^ of the numerous problems that present themselves in the course of his work."— /r<?«. 

"There is scarcely a subject on which a naval architect or shipbuilder can require to refresh 

his memory which will not be found within the covers of Mr. Mackrow's hoo)L."— English Mechanic. 

Bocket'BooJc for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULM FOR MARINE ENGINEERS. By Frank Proctor, A.I.N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 4s. 
"We recommend it to our readers as going far to supply a long-felt •vnnt."—NavtU Science, 
"A most useful companion to all marine ea^iM&cs."— United Service Gaxette. 

Introduction to Marine Engineering. 

ELEMENTARY ENGINEERING : A Manual for Young Marine 
Engineers and Apprentices, In the Form of Questions and Answers on 
Metals, Alloys, Strength of Materials, Construction and Management of 
Marine Engines and Boilers, Geometry, &c. &c. With an Appendix of Useful 
Tables. By John Sherren Brewer, Government Marine Surveyor, Hong- 
kong. Small crown 8vo, 25. cloth. 

" Contains much valuable information for the class for whom it is intended, especially in the 
chapters on the management of boilers and engines." — Nautical Magazine. 

*' A useful introduction to the more elaborate text books." — Scotsman. 

" To a student who has the requisite desire and resolve to attain a {borough knowledge, Mr. 
Brewer offers decidedly useful hieXf."—Athen«uni, 

Navigation. 

PRACTICAL NAVIGATION, Consisting of The Sailor's 
Sea-Book, by James Greenwood and W. H. Rosser; together with the 
requisite Mathematical and Nautical Tables for the Working of the Problems, 
by Henry Law, C.E., and Professor J. R. Young. Illustrated, lamo, 7*. 
strongly half-bound. 



CROSBY LOCKWOOD ^ SON'S CATALOGUE. 
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MetaXUferouB Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the' History, Discovery, Practical 
DtvelopmeKt, a$ui Future Prosptcts of Metalliferous Mines in the United King' 
dom. By Robert Hunt, F.R.S., Keeper of Mioine Records ; Editor of 
*' Ure*t iMcUonary of Arts, Manufactures, and Mines, &c. Upwards of 950 
pp., with S30 Illustrations. Second Edition, Revised. Super-royal 8vo, 
£2 31. cloth. 

"One of tfaeflKMtvalwble works of reference of modem timM. Mr. Hunt, as keeper of ndnlns 
records of the United Kiofdeai, has had opportunities for such a task not ei\)oyed by anyone ciscu 
and has evidently made the most of them. . . . The language and style adopted are good, ana 
tlie treatment of the rarious subjects laborious, conscientious, and scientific."— Jin^n€€rtMjr. 

"The book is, in fact, a treasure-house of statistical information on minincr subjects, and we 
know of no other work embodybig so nreat a mass of matter of this kind. Were this the only 
merit ef Mr. Hunt's rolume, it would be suflicient to render it indispensable in this library of 
everyone interested in the devetopment of the mining and metallurgical mdustriesof this country.' 

" A mass of information not elsewhere available, and of the greatest value to those who may 
be interested in our great mineral industries."— fi^'n^cr. 

"A sound, business-like collection of interesting facts. . . . The amount of Information 
Mr. Hunt has brought together is enormous. . . . Tlie volume appears likely to convey more 
inctructioa upoa the subject than any work hitherto published."— i/tnt^v J^ot$mai, 

CoUiery Management. 

THE COLLIERY MANAGER'S HANDBOOK: A Compre- 
hensive Treatise on the Laving-out and Working of Collieries, Desired as 
a Book of Reference for Colliery Mansigers, and for the Use of Coal-Mining 
Studtnts preparing for First-class Certificates. By Calbb Pambly, Mining 
Engineer and Surveyor; Member of the North cf England Institute of 
Mining and Mechanical Engineers ; and Member of the South Wales Insii- 
tute of Mining En|;ineers. With nearly 500 Plans, Diagrams, and other 
lUoatrations. Medium 8vo, about Coo pages. Price £1 ss. strongly bound. 

Qust publishecL 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM, Comprismg a Description of the Coal Fields, and of the 
Principal Seams of Coal, with Returns of their Produce and its Distribu- 
tion, and Analyses of Special Varieties. Also an Account of the occurrence 
of Iron Ores in Veins or Seams ; Analyses of each Variety ; and a History o^ 
the Rise and Progress of Pig Iron Manufacture. By Richard Me.\i>b, Assistant 
Keeper ol Mining Records. With Maps. 8vo, £i 8s. cloth. 
" The book is one which must find a place on the shelves of all interested In coal and Iron 

production, and in the iron, steel, and other metallurgical industries."- fn^iWer. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 
. . A book of reference which no one engaged in the iron or coal trades should omit from lito 

library."— /rv« and Coal Trades Review, 

Prospecting for Gold and other Metals. 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro- 
spector and Traveller in Search of Metal- Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Fifth Edition, thoroughly Revised and Enlarged. Small 
crown 8vo, 3s. 6d, cloth. 

*' Will supply a much felt want, espechdly among Colonists, in whose way are so often thrown 
many mineralogical specimens the value of which it is difficult to determine. —^*c^t>r«<:r. 

''How to nnd commercial mineials, and how to identify them when they are tound, are the 
leading poiiits to which attention is directed. The author lias managed to pack as muchpractical 
detail mto his pages as would supply material for a book three times its size."— Mining journal. 

Mining Notes and Formtilce. 

NOTES AND FORMULAE FOR MINING STUDENTS. By 

iOHN Herman Mbrivalb, M.A., Certificated Colliery Manager, Professor of 
fining in the Durham College of Science, Newcastle-upon-Tyne. Third 
Edition, Revised and Enlarged. Sntiall crown 8vo, 25. 6d. cloth. 
" Invaluable to anyone who is working up for an examination on mining subjects."— Cms/ a»<i 
Iron Trades Revtew. 

" The author has done his work In an exceedingly creditable manner, and has produced a book 
that wiU be of service to students, and those who are practically engaged in mining operations.*'— 
Enj^nesr. 

" A vast amount of technical matter of the utmost value to mining engineers, and of consid«N 
able interest to f»uAtmXi."-F^chaolmasUr» ... < 
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Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a 
Practical Treatise on the Manufacture and Application of Dynamite* Gun- 
Cotton, Nitro-GIycerine and other Bxplosive Compounds. Including the 
Manufacture of Collodion-Cotton. By M. Eissler, Mining Engineer and 
Metallurgical Chemist, Author of " The Metallurgy of Gold/' &c. With 
about xoo Illustrations. Crown 8vo, los. 6d. cloth. 
" iTseful not only to ttve nUnert but also to officers oi t>oth senrices to whom blasting and the 

use of explosires generally nxay at any time become a necessary auxiliary."— iVar«rr. 

" A veritable mine of mfonpation on the subject of explosives employed for Military, mining 

ar.d blasting purposes."— ^rwy and Navy Gazetie. 

" The book is clearly written. Taken as a whole, we consider it an excellent little book and 

ens that should be found of great service to miners and others who are engaged in work requirfaig 

the use of explosives."— ></Arn<7Mm. 

ixoldf Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treatise on the 

Metallurgical Treatment of Gold-bearing Ores. Including the Processes of 

Concentration and Chlorination, and the Assaying, Melting and Refining of 

Gold. By M. Eissler, Mining Engineer and Metallurgical Chemist, formerly 

Assistant Assayer of the U. S. Mint, San Francisco. Third Edition, Revised 

and greatly Enlarged. With 187 Illustrations. Crown 8vo, Z2$. 6d. cloth. 

" This book thoroughly deserves its title of a * Practical Treatiseu' The whole process of gold 

milling, from the breakmg of the quartz to the aasav of the boUion, Is described in clear and 

ordeny narrative and with much, but not too much, fmness of detalL"— 5a/Mrd^ RtTHew. . 

" The work Is a storehouse of information and valuable data, and we strongly recommend it to 
all professional men engaged in the gold-mining industry."— i^t>(*>^ youmtu 

Silver, Metallurgy of. 

THE METALLURGY OF SILVER : A Practical Treatise on 
the Amalgamation, Roasting and Lixiviation of Silver Ores, Including the 
Assaying, Melting and Refining of Silver Bullion. By M. Eissler, Author 
of "The Metallurgy of Gold.'' Second Edition, Enlarged. With 150 Illus- 
trations. Crown ovo, los, 64. cloth. ijust published. 
" A practical treatise^ and a technical work which we are convinced will supphr a long-felt want 

amongst practical men. and at the same time be of value to students and others indirectly connected 

with tne mdustries."— >AffM^it^ youmal. 

" From first to last the book is thoroughly sound and reOable."— C<'//z>ry Gtiardian, 

" For chemists, practical miners, assayers and investors alike, we do not know of any work 

on the subject so bandy jmd yet so comprehensive. ''-^C/;»r^«w Utrald, 

Silver-Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD: A 
Practical Treatise on the Smelting of Sihrer-Lead Ores and the Refining of 
Lead Bullion. Including Reports on various Smelting Establishments and 
Descriptions of Modern Furnaces and Plants in Europe and America. By 
M. EissLER, M.E., Author of "The Metallurgy of Gold," &c. Crown Svo. 
400 pp., with numerous Illustrations, 13$. 6d. cloth. [Just published. 

MetaUiferous Minerals ancl Mining, 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING, Bv D. C. Davibs, F.G.S., Mining Engineer, &c., Author of "A 
Treatise on Slate and Slate QuarrTing." Illustrated with numerous Wood 
Engravings. Fourth Edition, carefully Revised. Crown Svo, tzs, 6d. cloth. 
' * Neither ttM practical miner nor the general ;«ader interested in mines can have a better book 
for his companion and his guide."— i/iwMtf* y»umal. iMining IVorld. 

• itir _-. J'^:_^ A... -^.^<k_a a e^.^n-S^A JVi /-al1in<v *\\»Xr s»»An»3/>^ Jq tljig ValUdblO WOrk. "^ 



_ _ J world this book has a real value, 

and it supplies an actual inaU'-^Atfunaum, 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY &- OTHER MINERALS AND 
MINING. By D. C Davies, F.G.S. Uniform with, and formine a Com- 
panion Volume fo, Ihersame Author's " Metalliferous Minerals and Mining." 
With ^ Wood Engravings. Second Edition. Crown Svo, Z25. 6d. cloth. 
" We do not remember to have met with any Rngltsh work on mining matters that contains 

the same amount of information packed in equaDy convenient (orm."-~Acadtmy, 

" We should be inclined to rank it as among the very liest of the handy technical and trades 

manuals w^ch have recently appeared."— J^rt/ifA Qtuerttrly XtiHtw. 
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Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDE, comprising a Treatise on Improved Mining Surveying and the Valuta 
tion of Mining Properties^ with New Traverse Tables. By Wm. Lintern, 
Mining and Civil Engineer. Third Edition, with an Appendix on " Magnetic 
and Angular Surveying," with Records of the Peculiarities of Needle Dis- 
turi>ances. With Four Plates of DiaRrams, Plans, &c. zamo, 4s. cloth. 
" Mr. Lintero's book tonus • valuabto and thorotis^y trustworthy guid*."— /row and Coal 

Tradts Review, 

" This new edidon must be of the highest vahte to coIUecy sanreyon, proprietors and mana> 

g9n."—C0Uiery Guardian, 

Asbestos and its Uses. 

ASBESTOS: Its Properties, Occurrenct and Uses, With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With 
Eight Collotype Plates and other Illustrations. Crown 8vo, 12s. 6d. cloth. 

•* An interesting and invaluable work."— C^Z/^rv Guardian. 

" We counsW our readers to get this excc»edingly interesting^ work for themsehres; they will 
find in it much that is :>uggestive, and a irreat deal that is of immediate and practical usefulness. "— 

" A valuable addition to the architect's and engineer's library."— ^w^/zv Nevis. 

Underground Bumping Machinery. 

MINE DRAINAGE. Being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with a Descrip- 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
Michell. 8vo, 15s. cloth. 
" Will be highly esteemed by colliery owners and lessees^ ndnfaig englMers. and students 

generally who require to be acquainted with the best means of securing the drainage of mines. It 

u a most valuable work, and stands almost alone in the literature otsteam pumping machinery."— 

CoUiery Guardian. 

" Much valuable information Is given, so that the book Is thoroughly worthy of an extensive 

circxilation amongst practical men and purchasers of machinery."— Jtfiwiwy youmal. 

Mining Tools. 

A MANUAL OF MINING TOOLS, For the Use of -Mine 
Managers, Agents, Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines, zamo, as. 6d. cloth limp. 
ATLAS OF ENGRAVINGS to Illustrate the above, contain- 
ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6^. cloth. 

"Students in the science of mining, and overmen, captains, managers, and viewers may gain 
practical knowledge and useful hints by the study of Mr. Morgans' manuaL" — CoUitry Guardian. 

" A valuable work, which will tend materially to improve our mining literature."— i/(Mi'tc 
y«umal. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary TreatUe on. By 
the late Sir Warington W.Smyth, M.A., F.R.S., &c., Chief Inspector of the 
Mines of the Crown. Seventh Edition, Revised and Enlarged. With 
numerous Illustrations. lamo, 45. cloth boards. 
" As an outline is given of every known coal-field in thte and other countries, as weU as of the 

principal methods of working, the book will doubtless interest a very large number of readers."— 

Mining yournal. 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. lUust. lamo, 3s. cloth boards. 

Granite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES, By 
George F. Harris, F.G.S., Membre de la Soci6t6 Beige de G^Iogie, Lec- 
turer on Economic Geology at the Birkbcck Institution, &c. With Illustra- 
tions. Crown 8vo, «. 6d. cloth. 
"A clearly and well-written manual for persons engaged or toterested In the granite Industry.' 

— ^cotsfnan. 

u '^" iiiteresthig work, which will be deservedly esteemed."— Co/Zi^ Guardian. 
An exceedingly interesting and valuable monograph on a subject which has hitherto received 

unaccountably litUe attention in the shape of systematic literary treatment."— 5«/W*A Leadtr. 
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ELECTRICITY ELECTRICAL ENGINEERING, etc. 

Electrical Engineering. 

THE ELECTRICAL ENGINEER'S POCKET-BOOK OF 

MODERN RULES, FORMULA, TABLES AND DATA. By H. R. 
Kempe, M.Inst.E.E., A.M.Inst C.E., Technical Officer Postal Telegraphs, 

Author of " A Handbook of Electrical Testing," &c. With numerous Illus- 
trations, royal 32mo, oblong, 5s. leather. L7*«^ published, 

" There is very little in the shape of formulae or data which the electrician is lilcely to want 
in 9 huiry which cannot be found in its pages."— Praceica/ Snginter. 

"A verv useful book of reference for daily use in practical electrical engineering and its 
various appfications to the industries of the present dsy."—Jron. 

" It is the best book of its kiad."—EUctricai £n£ri*teer. 

"The Electrical Engineer's Podket-Book is a good one."— Electrician. 

"Strongly recommended to those engaged in tne various electrical industries."— £^frf»^«« 
Urziew. 

Electric Lighting. 

ELECTRIC LIGHT FITTING : A Handbook for Working 

Electrical Engineers, embodying Practical Notes on Installation Manage- 

ment. By John W. Urquhart, Electrician, Author of " Electric Light," &c. 

With numerous Illustrations, crown 8vo, 5s. cloth. iy**st published. 

"This volume deals with what may be termed the mechanics of electric lighting, and is 

addressed to msn who are alreadv engaged in the work or are training for it. The work traverses 

a (Treat deal of ground, and may Se read as a sequel to the same author's useful work on ' Electric 

Light.' " — EUctrician. 

" This is an attempt to state in the simplest language the precautions which should be adopted 
In installing the electric light, and to give information,for the guidance of those who have to pin 
the plant when installed. The book is well worth the perusal of the workmen for whom it is 
yviitten."— Electrical Review, 

" Eminently practical and useful. . . . Ought to be in the hands of everyone in charge of 
an electric light plant."— Electrical Eftgineer. 

" A really capital book, which we have no hesitation in recommending to the notice of worldng 
electricians and electrical engineers."— Af^t/ta/tira/ It^orld. 

Electric lAght. 

ELECTRIC LIGHT : Its Production and Use, Embodying Plain 
Directions for the Treatment of Dynamo-Electric Machines, Batteries, 
Accumulators, and Electric Lamps. By J. W. Urquhart, C.E., Author of 
"Electric Light Fitting," &c. Fourth Edition. Revised, with Large Additions 
and 145 Illustrations. Crown 8vo, 7s. 6d. clotn. {.jfust published. 

*' The book is by far the best that we have yet met with on the subject."— ^/A<M<rMm. 
"It is the only work at present available which gives, in language intelligible for the most part 

to the ordinary reader, a general but concise histoiy of the means which have heea adopted up to 

the present time in producing the electric light." — Metropolitan. 

''The book contains a general account of the means adopted in producing the electric light, 

not only as obtained from voltaic or galvanic batteries, but treats at length of the dynamo-electric 

machine in several of its {orms."— Colliery Guardian, 

Construction of JDynamos. 

DYNAMO CONSTRUCTION : A Practical Handbook for the Use 
of Engineer Constructors and Electricians in Charge. With Examples of 
leading English, American and Continental Dynamos and Motors. By J. W. 
Urquhart, Author of " Electric Light," &c. Crown 8vo, 7s. 6d. cloth. 

[Just published. 
' The author has produced a book for which a demand has long existed. The subject is 
treated in a thoroughly practical maianex."— Mechanical World. 

Dynainic Electricity and Jlagnetism. 

THE ELEMENTS OF DYNAMIC ELECTRICITY AND 
MAGNETISM. By Philip Atkinson, A.M., Ph.D. Crown 8vo. 400 pp. 
With 120 Illustrations, zos. 6<i. cloth. IJ 11st publish. d. 

Text Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY, By 
Henry M. Noad, Ph.D.. F.R.S., F.C.S. New Edition, carefully Revised. 
With an Introduction and Additional Chapters, by W. H. Preece, M.I.C.E., 
Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra- 
tions. Crown 8vo, 12s. 6d. cloth. 

'We can recommend Dr. Noad's book for clear style, great range of subject, a good index 
d a plethora of woodcuts. Such collections as the present are indispensable. —-4r/A<n<«<»»». 
"An admirable text book for every student — beginner or advanced — of electricity."— 
Engineering: 
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Electric Lighting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT^ 
ING, Bv Alan A. Campbell Swinton, Associate I.E.E. Second Edition, 
Enlargea and Revised. With i6 Illustrations. Crown 8vo, is. 6d, doth. 
" AnjroiM who desires • short and thoroughly clear exposition of the elementary principles of 
•lectric-Ughtinff cannot do better than read thb Uttl* ynxAr-^Bra^Tord Obstrvtr, 

Electricity. 

A MANUAL OF ELECTRICITY: Including Galvanism, Mag- 
netistHt Dia^Magnetism, EUctro-Dynamici, Magno-Electricity, and the Electric 
Telegraph. By Hsnrt M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. 
With 500 Woodcuts. 8vo, £1 4s. cloth. 
" It it iv«ctliy ot a place in th« library of every public Institution."— Jl^6(<rv' JtfumaZ, 

jyynaino Construction, 

HO W TO MAKE A DYNAMO : A Practical Treatise for Amateurs. 
Containing numerous Illustrations and Detailed Instructions for Construct- 
ing a Small Dynamo, to Produce the Electric Light. By Alfred Crofts. 
Third Edition, Revised and Enlarged. Crown 8vo, 2S. cloth. 
"The instructions tfiven in this nnpretenttons little book are sufficiently clear and explicit to 

enable any amsteur mechanic possessed of averafe skill and the usual tools to be found in an 

amateur's workshop, to build a practical dynamo mAchme,"—£UctriciaH. 
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Pneumatics and Acoustics, 

PNEUMATICS : including Acoustics and the Phenomena of Wind 

CurrentSt for the Use of Beginners. By Charles Tomlimson, F.R.S. 

F.C.S., &c. Fourth Edition, Enlarged, izmo, is. 6d. cloth. 

" Beginners in the study of this Important application of science could not hare a better manual " 
Scotsman. " A valuable and suitable text-book for students of Acoustics and the Pheno> 
otena of Wind Ounn»s."—ySdluaimasttr, 

Conchology. 

A MANUAL OF THE MOLLUSC A : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palaeontolofist in the British Museum. With an Appendix on Recent and 
Fossil Conchological Discoveries, by Ralph Tate, A.L.S., F.G.S. Illustrated 
by A. N. Watbrhousb and Tosbph Wilson Lowry. With 23 Plates and 
upwards of 300 Woodcuts. Reprint of Fourth Ed., z86d. Cr. Svo, 7s. 6d. cl. 
" A most Taluable sto rah o u se of concholoclcal and seolosricai information."— 5ci«mir Gossip, 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 
AND HISTORICAL, Consisting of "Physical Geology," which sets forth 
the leading Principles of the Science ; and " Historical Geology," which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tatb, A.L.S., F.G.S.. &c. With 250 Illustrations, zsmo, 5s. cloth. 
** The fiilncss of the matlar has elevated the boolbinto a manual. Its information is exhaustive 
and well arranged."-^<v(<w/ Boat^ Chronicle, 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis : their Perfect Harmony and Wonderful Concord. Bv Gboros W, 
Victor lb Vaux. Numerous Illustrations. Fcap. Svo, 5s. cloth. 
" A valuable contribution to the eridencm of Revelation, and disposes very conduahrdy of th* 
argfuments of those who would set God's Works against God's Word.' —The RocM, 

The Constellations. 

STAR GROUPS: A Student's Guide to the Constellations. By 
J. Ellard Gore, F.R.A.S., M.R.I. A., &c., Author of "The Scenery of the 
Heavens." With 30 Maps. Small 4to, 5s. cloth, silvered. ijust published. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A, , F.R.S., 
formerly RadclifiEie Observer at Oxford. Third Edition, Revised and Cor- 
rected to the present time, by W. T. Lynn, B.A., F.R,A.S. lamo, 25. cloth. 
"A sound and nmple treatise, very careAilly edited, and a capital bode ior beginners."— 
Knowledgt, [tioMtU Times. 

;* Accurately brought down to the requirements of the present time by Mr. l.yxm,"—EdMca- 
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DR. LARDNER 'S COURSE OF NATURAL PHILOSOPHY. 

THE HANDBOOK OF MECHANICS, Enlarged and almost re- 

written by Benjaiiin Loswy, F.R.A.S. With 378 Illustrations. Post 8vo, 

65. cloth. 

" The perspicuity of the origliuj has been retained, and chapters which had become obsolete 
have been replaced by others of more modem character. The explanations throughout are 
studiously popular, and care has been taken to show the ap|dication of the various branches of 
physics to Uie industrial arts, and to the practical business of viie."— Minings youmal. 

"Mr. Loewy has careAilly levisod the book, and brousfat it up to jnodetn requirements."— 
Naturt, 

" Natural phQosophy has had few exponents more able or better sldlled In the art of popu- 
larising the subject than Dr. Lardner ; and Mr. Loewy is doing good service in fitting this treatise* 
and the others of the series, for use at the present time."— kSc»<:fx»0». 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS. 

New Edition, Revised and Enlarged, by Benjamim Lobwy, F.R.A.S. With 

236 Illustrations. Post 8vo, 5$. cloth. 

"For those 'who desire to attain an accurate knowledge of phydcal science without the pro* 
found methods of mathematical iavestigation,' this work is not merely intended, but well adapted." 
—Chemical News. 

" The voliune before us has been carefully edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is a valuable text-book." 
—JVaiure. 

" Candidates for pass examinations win find it, we thhik, specially suited to th^ requhrements.'* 
English Mechanic 

THE HANDBOOK OF HEAT. Edited and almost entirely re- 
written by BsNjAifiH Loswy, F.R.A.S., &c. 1x7 Illustrations. Post 8vo, 6s. 
cloth. 
"The style U always dear and {xeclse, and conveys Instruction without leaving any cloudiness 

or lurking doubts \ittiaid,"—En£ineeritt£. 

"A most exhaustive book on the subject on which it treats, and Is so arranged that it can be 

understood by all who desire to attain an accurate knowledge of physical science Mr. 

Loewy has included all the latest discoveries in the varied laws and effects of heat." — Standard. 
"A cranplete and handy text-book for the use of students and general readers."— f^tf/irA 

Mechanic. 

THE HANDBOOK OF OPTICS. ByDiONYSius Lardnbr,D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small 8vo, 448 
pages, 5s. cloth. 
"Written by one of the ablest Ejiglish scientific writers, beautifully and elaborately illustrated.'* 

Mechanics Magaxine, 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardmbr. Ninth Thousand. Edit, by George Carey 
Foster, B.A., F.C.S, With 400 Illustrations. Small 8vo, 5s. cloth, 
" The book could not have been entrusted to anyone better calculated to preserve the terse and 

lucid style of Lardner, while correcting his errors and bringing up his work to the present state oi 

scientific knowledge."— Po^^M^r Science Review. 



THE HANDBOOK OF ASTRONOMY. Forming a Companion 
to the " Handbook of Natural Philosophy.'* By Diomysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Observatory, Greenwich. With 38 Plates and upwards ox 
100 Woodcuts. In One Vol., small 8vo, 550 pages, 9$. 6d. cloth. 
" Probably no other book contains the same amotmt of information in so compendious and well* 

arraneed a form— certainly none at the price at which this is offered to the ^\x\i]ic."—\4thenaum, 
"We can do no other than pronounce this work a most valuable manual of astronomy, and w« 

strongly recommend it to all who wish to acquire a general— but at the same time correct— acquaint* 

ance with this sublime science."— <?««r/^r/y youmal qf Science. 

"One of the most deservedly popular books on the subject . . . We woidd recommend not 

onhr the student of the elementary principles of the science, but he who aims at mastering the 

higher and mathematical branches of astronomy, not to be without this work beside him."— /Voc/i- 

icu Mag^atine. 

Dr. lMrdner'8 Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr, Lardner. Re- 
vised and Re-written by S. B. Bright, F.R.A.S. 140 Illustrations. Small 
8vo, 2S. 6d. cloth. 
* One of the most readsdile books extant on the Electric Telegmph."*^^^^^* MeOtanie. 
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DR. LARDNER'S MUSEUM OF SCIENCE AND ART. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DioNYSius Lardnbr, D.C.Lm formerly Professor of Natural Philosophy and 
AstroDomv in University College, London. With upwards of 1,300 Engrav- 
Ings on Wood. In 6 Double Volumes, £1 »., in a new and elegant cloth bind- 
ing i or handsomely bound in half-morocco, 31s. 6ti. 

%• Opinions or thb Prbss, 

"This terlea. besides sflbrdins: popular but sound instrnction on scientific subjects, with whidi 
the humblest nuui in the country ought to be acquainted, also undertakes that teaching of ' Corn* 
mon Things ' which erery weU<wisher of his kind is anxious to promote. Many thousand copies of 
fhis serviceable publication hare been printed, in the belief ana hope that the desire for mstruction 
and improvement widely prerails ; and we have no fisar that such enlightened faith wiU meet with 
disappointment."— Timts, 

" A cheap and interesting publication, alike tnforminsf and attractive. The papers combine 
subjects of unuortance and s^eat scieniinc knowledge^ considerable inductive powers, and a 
popular style of treatment."— 4i*cctoA>r. 

"The 'Museum of Science and Art' is the most valuable contribution that has ever been 
made to the Scientific Instruction oi every class of soctety."— Sir David Brewstek, in the 
AWrt British Rtvitw. 

" Whether we consider the Hberality and beauty of the Illustrations, the charm of the wrltfa\g, 
or the durable interest of the matter, we must express our belief that there is hardly to be found 
among the new books one that would be welconued by people of so many ages ana classes as a 
valuable present."— ^JKomiM^r. 

•«• Separate boohi formed from the above, suitable for Workmen's Libraries^ 
Science ClasseSf etc. 

Common Things Eoeplained. Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 lUus* 
trations, cloth gilt, 5$. 

The MieroBoope, Containing Optical Images, Maenifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects^ the Solar Micro- 
scope, Microscopic Drawing and Engraving, &c. 147 Illustrations, cloth 
gUt, 2$. 

Topvlar Geology. Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c. 20Z Illustrations, cloth gilt, zs. 6d, 

Popular Physics, Containing Mamitude and Minuteness, the Atmo- 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Barometer, Sound, &c. 85 Illustrations, cloth gilt, 2S, 6d. 

Steam, and its Uses, Including the Steam Engine, the Locomotive, and 
Steam Navigation. 89 Illustrations, cloth gilt, 2S. 

Poptdar Astronomy, Containing How to observe the Heavens— The 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ- 
ences, &c. 182 Illustrations, 4s. 6d. 

The Bee and White Ants : Their Manners and Habits. With Illustra- 
tions of Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, is. 

The JSleetrie Telegraph Popularized, To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
forms of Telegraphy in Actual Operation. 100 Illustrations, cloth gilt, 
x$. 6d. 

Dr. Lardner'8 School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnbr. 

328 Illustrations. Sixth Edition. One Vol., 3s. 6d. cloth. 

" A very convenient class-book for junior students in private schools. It is Intended to convey, 
in clear and precise terms, general notions of all the prmcipal divisions of Physical Science."— 
Sritish Quarter^ Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardnef. 
With 190 Illustrations. Second Edition. One Vol., 35. 6d. cloth. 
•• Clearly written, weU arranged, and exc eUently illustrated."— Canfe^wr** Ckronick. 
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OOTJNTINGH OUSE WORK, TABLES, etc. 

Introduction to Business. 

LESSONS IN COMMERCE, By Professor R. Gambaro, of 
the Royal High Commercial School at Genoa. Edited and Revised by James 
Gault, Professor of Commerce and Commercial Law in King's College, 
London. Crown 8vo, price about 3s. 6d, IJn the press. 

Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
Handbook for Accomitants and Manufacturers, with Appendices oa the No- 
menclature of Machine Details ; the Income Tax Acts : the Rating of Fac- 
tories ; Fire and Boiler Insurance ; the t^actory and Workshop Acts. &c., 
including also a Glossary of Terms and a large number of Specimen Rulings. 
B}[ Emilb Garckb and J. M. Fells. Third Edition. Demy 8vo, 250 pages, 
price 6s. strongly bound. 
"A very interesting description of the requirements of Factory Accounts. . . . theprindpla 

of assimilating^ the Factory Accounts to the general commercial books U one which we thoroughly 

agree with." — Accountants' journal. 

" There are few owners of Factories who would not derive greet benefit from the perusal 

of this most admirable work."— L«m/ Government Chronicle, 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 
Aids to Commercial Correspondence in Five Languages— English, French, 
German, Italian and Spanish. By Conrad E. Baker. Second Edition, 
Revised. Crown 8vo, 3s. 6d. cloth. 
' ' Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 

than study this work, the materials of which are excellent and conveniently SLmnged."—j4thenaum, 
"A careful examinati>n has convinced us that it is imusually complete, well arranged and 

reliable. The book is a thoroughly good ont,"— Schoolmaster, 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR; or, Easy and Con- 
cise Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions, together with Useful Tables. By 
D. O'GoRiiAN. Corrected by Professor J. R. Young. Twentv-seventh Ed., 
Revised by C. Norris. Fcap. 8vo, 2«. 6d, cloth ; or, 3s. 6(f, half-bound. 
" It would be difficult to exaggerate the usefidness of a book like this to everyone engaged in 

commerce or manufacturing industry."— Aj>Mw^^id(ev. 

" Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 

engaged in any kind of commercial transactions."— .Scv/xma/t. 

Modern Metrical Units and Systems. 

MODERN METROLOGY: A Manual of the Metrical Units, 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D'A. Jackson, A.M.Inst.C.E., Author of *' Aid 
to Survey Practice," &c. Large crown 8vo, 12s. 6ti. cloth. 

" The ahtfaor has brous^t together much valuable and interesting information. • . • We 
cannot but recommend the mox'kr--NeUure. 

" For exhaustive tables of equivalent weights and measures of all sorts, and for clear demonstra- 
tions of the effects of the various systems uat have been proposed or adopted, Mr. Jackson's 
treatise is without a n-nlT-'Acadtmy, 

The Metric System, and the British Standards. 

A SERIES OF METRIC TABLES Jn which the British Stand- 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent, By C. H. Dowlino, C.E. 8vo, xos. 6d. strongly bound. 
"Their accuracy has been certified by Professor Airy, the Astronomer-Royal."— ^»i/U«r. 
"Mr. Dowling's Tables are well put together as a ready-reckoner ior the convenion of one 
system into the otiiei."—Atfunaum, 

Iron and Metal Trades^ Calculator, 

THE IRON AND METAL TRADES' COMPANION. For 
expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from 15. per cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. Each Table extends from one jpound to zoo tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
oi Superficies and Solids, Sec. ; also Tables of Weights of Materials, and other 
Useful Memoranda. By Thos. Downib. Strongly bound in leather, 396 pp., 9s. 
" A most useful set of tables. . . . Nothing like them before existed."— ^m^AA^A^j. 
" Although specially adapted to the iron and metal trades, the tables wHl be found uaefttl in 
every other business in which merchandise is bought and sold by weight."— JSo^/im^ News, 
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Caleuiator for Numbers and Weights Camhined. 

THE NUMBER, WEIGHT AND FRACTIONAL CALCU- 
LA TOR, CoDUiniog upwards of 350,000 Separate Calcniations. showing at 
a glance the Talne at 422 diflerent rates, ranging from r^zth ot a Penny to 
90f . each, or per cwt.» and £90 per ton, of any number ot articles consecu- 
tively, from I to 47o.^Any number of cwts., ors., and Ibs^ from i cwt. to 470 
cwts.— Any number of tons, cwts., qrs.f and lbs., frcMn i to 1,000 tons. By 
William Chadwick, Public Accountant. Third Edition, Revised and Im- 
proved. 8vo, price i8s., strongly bound for Office wear and tear. 
*,♦ This work is specially adapted for the Apportionment of Mileage Charges 

for Railway Traffic, 

13* This comptehemiveand entirety unique and original Calculator is adapted 

for the use of Accountants and Auditors^ Railway Companies^ Canal Companies, 

Shippers, Shipping Agents, General Carriers, etc, 

I ron founders, Br assfounders, Metal Merchants, Iron Manufacturers Jronmongers, 

Engineers^ Machinists^ Boiler Makers, Millwrights, Roofing, Bridge and Gtrder 

Makers, Colliery Proprietors, etc. 

Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers 

Valuers, Brokers, Mill Owners and Manufacturers, MiU Furmshcrs, Merchants and 

General Wholesale Tradesmen. 

*»• OpimoMS OF THB Press. 

"The bock contains tbe aaswen to questions, and not samply a set of Ineenloat pazzle 



methods of amrioff at results. It is as caqr of reference for any answer or any number of answers 
as a dictionary, and tlM references are eren more quickly oiade. For makingr up aocoonts or esti- 
mates, the book must prove inTaluable to all who have any considerable quantity of callmiatiimt 
inrolvinfif price and measure in any combination to do." — En^^rteer. 

" The most perfect woik of the kind yet prepared."— CAur^vw Herald. 

Comprehensive Weight Calculator* 

THE WEIGHT CALCULATOR, Being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from i lb, to 15 tons, at 300 Progressive Rates, from id. 
to i68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a smgle addition (mostly to be performed at 
sight), will afiord an aggregate of 10,266,000 Answers ; the whole bong calcu- 
lated and designed to ensure correctness iui4 promote despatch. By Henry 
H>utBBM, Accountant. Fourth Edition, carefully Corrected. Royal Svo, 
strongly half-bound, £1 5s. 
" A practical and useful work of reference for men of' badness sfeneraOy ; it U the best of the 

kind we have seen.' —Irontfumfer. 

" Of priceless value to btismess men. It is a necessary book In all mercantile offices."— nSA^A 

field JnaefientUnt. 

Comprehensive Discount Chiide* 

THE DISCOUNT GUIDE. Comprisicg several Series of 
Tables for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit ariung from any mode. of using 
Discounts, either in the Purchase or Sale of Goods» and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by one 
operation, a sum that will realise any required profit after allowing one ot 
more Discounts : to which are added Tables of Profit or Advance from li to 
Qo per cent, Tables of Discount from x| to 98} per cent., and Tablesof Com- 
mission, &c., from \ to 10 per cent. By Henry Harben, Accountant, Author 
of " The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, 544 pp. half-bound, £t 5s. 

" A book sueh as this can only be appreciated by business men, to whom the savlngf of time 
means saving of money. We have the tugh authority of Professor J. R. Young that the tables 
throughout the work are constructed upon strictly acciurate pribdples. The trork is a mode 
of typographical clearness, and must prove of i^eat value to merchants, manufacturers, and 
general traders."— ^r<«»A TrtuU youmal, 

Iron Shipbuilders^ and Merchants^ Weight Tables, 

IRON 'PLATE WEIGHT TABLES: For Iron Shipbuilders^ 
Engineers and Iron Merchants. Containing the Calculated Weights of up- 
wards of 150,000 different sizes of Iron Plates, from x foot by 6 in. by | in. to 
10 feet by 5 feet by i in. Worked out on the basis of ao lbs. to the square 
foot of Iron Of x mch in thickness. Carelully compilea and thorou^y Re- 
vised by H. BuRLiNSON and W. H. Simpson. Oblong 4to, 25s. hal5-bound. 
"This work will be found of great utility. The authors have had much practical experience 

of what is wanttne in making estimator, and the ttse of the book 11 ill save much time ia makincr 

elaborate calculations."— fn^/ir A Mtchanic, 
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INDUSTRI AL AND USEF UL ARTS. 
Soap'tnaking. 

THE ART OF SOAP-MAKING : A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexander Watt, Author ot '• Electro-Metallurgy Practically Treated," 
&c. With numerous Illustrations. Fourth Edition, Revised and Enlarged. 
Crown 8vo, 75. 6d, cloth. 
" The work will prov* very useftil. not menty to the technological student; but to the practical 

soap-boiler who wishes to understand the theory of his art."— Chemical News. 

"Mr. Watt's book is a thoroughly practical treatise on an art which has almost no literature in 

our languajBre* We congratulate the author on the success of his endearour to fill a Toid in En^^isb 

technical literatiu-e."^A^a/Mrr. 

JPaper Malcing. 

THE ART OF PAPER MAKING: A Practical Handbook of the 
Manufacture of Paper from Rags, Esparto, Straw and other Fibrous Materials, 
Including the Manufacture of Pulp irom Wood Fibre, with a Description of 
the Machinery and Appliances used. To which are added Details of 
Processes for Recovering Soda from Waste Liquors. By Alexander Watt. 
With Illustrations. Crown 8vo, ys. 6d, cloth. 
" This book is succinct, lucid, thoroughly practical, and includes everything of interest to the 

modem paper maker. It is the latest, most practical and most complete work on the paper- msiking 

art before the British public."— P^^tfr Record. 

' ' Urmay be regarded as the standard work on the subject. Tlie book is full of valuable in* 

formation. The ' Art of Paper^making,' is in every respect a model of a text-l>ook, either for a 

technical class or for the private stxidcnt."— Paper and Printitix- Trades yournal. 

" Admirably adapted for general as well as ordinary technical reference, and as a handbook 

for students in technical education may be warmly commended."— 27(«/'a/*r^a>t*r'j'^<7/«/A^ 

jfoiirnat. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, the Principles of Tanning Explained 
and majiy Recent Processes introduced. By Alexander Watt, Author of 
" Soap-Making," &c. With numerous Illustrations. Second Edition. Crown 
8vo, 9«. cloth. 
"A sound, comprehensive treatise on tanning and Its accessories. This book is an eminently 

valuable production, which redounds to the credit of both author and publishers." — Cfufnicat 

Review. 

"This volume is tcchidcal without being tedious, comprehensive and complete without being 

Ero^, and it bears on every page the impress of a master hand. We have never come across a 
etter trade treatise, nor one that so thoroughly supplied an absolute waaV-'-Skoe and Leathtr 
Trades' Chronicle. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING. A Practical 

Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 

Making, with a Description of the most approved Machinery employed. 

By John B. Leno, late Editor of St. Crispin, and The Boot and Shoe-Maker. 

With numerous Illustrations. Third Edition. lamo, 25. cloth limp. 

" This excellent treatise is by far the best work ever written on the subject. A new «rork, 

embracing all modem improvements, was much wanted. This want is now satisfied. The chapter 

on clicking, which shows now waste may h^ prevented, will save fifty times the price of the book." 

—Scottish Leather Trader. 

Dentistry. 

MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Comprising also Use- 
ful Formulae, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Refvised. With upwards of 100 
Wood Engravings. Crown 8vo, 3s. 6d. cloth. 
" The work is very pr3Lctic^."—Afonth/y Review of Dental Sur^rry. 

" Wc can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry, as wellas to every mechanical d9atiSL"—I>udliH youmalq/ Medical Science. 

Wood Engraving. 

WOOD ENGRA VING : A Practical and Easy Introduction to the 
Study of the Art. By William Norman Brown. Second Edition. With 
numerous Illustrations. i2mo, is. 6d. cloth limp. 
' "The book is clear and complete, and will be useful to anyone wanting to understand the first 
elements of the beautiful art of wood engraving. "--(rraMif. 
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HANDYB00K8 FOR HANDICRAFTS. By PAUL N. HASLUCK. 
Metal Turning. 

THE METAL TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Foot-Lathe: Embracing Information on the Tools, 
Appliances and Processes employed in Metal Turning. By Paul N. Has* 
LUCK, Author of " Lathe- Work." With upwards of One Hundred Illustra- 
tions. Second Edition, Revised. Crown 8vo, 2S. cloth. 
" Clearly and concisely written, excellent in every wzy." —Mechanical H'orUL 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual 
for Workers at the Lathe : Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck. With 
upwards of One Hundred Illustrations. Crown 8vo, 25. cloth. 
**We recommend the book to younf turners and amateurs. A multitude of workmen have 
hitherto sought in Tain for a manual of thu special iadustxy."—MecMaHtcal IVorld. 

WOOD AND METAL TURNING. By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 300 pp., with upwards of 
200 Illustrations, crown 8vo, 35. 6d, cloth. 

Watch Repairing. 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 
on Cleanings Repairing and A djusting. Embracing Information on the Tools» 
Materials, Appliances and Processes Employed in Watchwork. By Paul N. 
Hasluck. With upwards of One Hundred Illustrations. Cr. Bvo, 2s. cloth. 
*' AU young persons connected with the trade should acquire and study this excellent, and at 
the same time, inexpensive yrork.."-^UrJbcnweU ChrvnicU, 

Clock JRepairing. 

THE CLOCK JOBBER'S HANDYBOOK : A Practical Manual 
on Cleaning, Repairing and Adjusting. Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Clockwork. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Cr. Bvo. 2s. cloth. 
" Of inestimable service to those commencing the truie."— Coventry Standard. 

WATCH AND CLOCK JOBBING. By P. N. Hasluck. 
(Being the Two preceding Vols, bound together.) 320 pp., with upwards of 
200 Illustrations, crown 8vo, 35. 6d. cloth. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK, A Practical 
Manual, embracing Information on the Tools. Materials and Appliances em- 
ployed in Constructing Patterns for Founders. By Paul N. Hasluck. 
With One Hundred Illustrations. Crown 8vo, 2s. cloth. 

"This bandy volume contains sound information of considerable value to students and 
wi^cvci."— Hardware Trades youmml. 

Mechanical Manipulation. 

THE MECHANICS WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manibulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda. 
By Paul N. Hasluck. Crown 8vo, 2s. cloth. 

" It is a book which should be found in every workshop, as it is one which will be continually 
referred to for a very great amount of standard \xdonDa.\X<m."— Saturday Review, 

Model Engineering. 

THE MODEL ENGINEER'S HANDYBOOK : A Practical 
Manual on Model Steam Engines. Embracing Information on the Tools, 
Materials and Processes Employed in their Construction. Bv Paul N. 
Hasluck. With upwards of 100 Illustrations. Crown 8vo, as, cloth. 
" By carefully going through the work, amateurs may pick up an excellent notion of the con« 
ttruction of full-sized steam engines,"— Tele^ra/hic journal. 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK: A Practical 
Manual, embracing Information on the Tools, Materials, Appliances and 
Processes employed in Cabinet Work. By Paul N. Hasluck, Author of 
" Lathe Work," &c. With upwards of zoo Illustrations. Crown Bvo, its. 
cloth. {Glasgow HtraUU 

" Thoroxjgbly practical throughout The amateur worker in wood will find it most usefiiL"— 
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Electrolysis of Gold, Silver^ Copper, etc. 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 
of Gold. Silver, Copper, Nickel, and other Metals and Alloys. With descrip- 
tions of Voltaic Batteries, Magneto and Dynamo-Electric Machines, Ther- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and several Chapters on Electro- Metallurgy. By Alexander 
Watt. Third Edition, Revised and Corrected. Crown 8yo, 9s. cloth. 
"Eminently a book for the practical woricer in electro-deposition. It contains practical 

descriptions of methods, processes and materials as actually pursued and used in the workshop." 

—Enfrinur. 

ElectrO'MetaUurgy, 

ELECTRO-MET ALL URG Y ; Practically Treated. By Alexander 
Watt, Author of "•Electro-Deposition,*' &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent 
Processes. x2mo, 4s. cloth boards. 

"From this book both amateur and artisan may learn everythingf necessary for the successfix 
prosecution of electroplating, "—/nm. 

Electroplating. 

ELECTROPLATING: A Practical Handbook on the Deposi- 
tion of Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. 
With Descriptions of the Chemicals, Materials, Batteries and Dynamo 
Machines used in the Art. By J. W. Urquhart, C.E. Second Edition, with 
Additions. Numerous Illustrations. Crown 8vo, 5s. cloth. 
" An excellent practical manual." — Engineering'^ 
" An excellent work, givinsf the newest ial[oTvaa.\ion,"—Horological youmal. 

Electrotyping, 

ELECTROTYPING : The Reproduction and Multiplication ofPnnt- 

ing Surfaces and Works of Art by the Electro-deposition of Metals, By J. W. 

Urquhart, C.E. Crown 8vo, 55. cloth. 

" The book is thoroughly practicaL The reader is. therefore, conducted through the leading 
awt of electricity, then through the metals used by electrotypers, the apparatui^ and the depositing 
processes, up to the final preparation of the woik."—Art youmal. 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Prac- 
tice, Translated from the French of Claudius Saunibr, by Tulien Trip- 
PLIN. F.R.A.S., and Edward Rioo, M.A., Assayer in the Royal Mint. With 
78 Woodcuts and 22 Coloured Plates. Second Edition. Royal 8vo, £2 2s. 
cloth ; £% 10s. half-calf. 

" There is no horological work in the English language at all to be compared to this produc- 
tion of M. Saunter's for cleamess and completeness. It is alike good as a guide for the student and 
as a reference for the experienced horologist and skilled wox)atiaxi."— Horological youmal. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanical superiority over tneir English brethren 
—in fact, the Book of Books, is M. Saunier's ' Treatise.'"— W»fcA»ia>fe«r, Jeweller and Silversmith. 

Watchmaking. 

THE WATCHMAKER'S HANDBOOK. A Workshop Com- 
panion for those engaged in Watchmaking and the Allied Mechanical Arts. 
From the French of Claudius Saunibr. Enlarged by Julibn Tripplin, 
P.R.A.S., and Edward Rigg, M.A., Assayer in the Royal Mint. Woodcuts 
and Copper Plates. Third Edition, Revised. Crown 8vo, 9s. cloth. 
" Each part is truly a treatise in itself. The arrangement is (rood and the language is clear and 

concise. It is an admirable guide for the young yfB.tcTULaaiK.e,t."— Engineering. 

" It is impossible to spesuc too highly of its excellence. It fulfils every requirement in a hand* 

book intended for the use of a woricman."— ^oAr/t and ClockmaJker. 

" This book contains an immense number of practical details bearing on the daily occupation 

of a watchmaker."— ^a/cAma>fer and Metalworker (Chicago). 

QoldsmUhs^ Work. 

THE GOLDSMITH'S HANDBOOK, By George E. Gee, 
Jeweller, &c. Third Edition, considerably Enlarged. i2mo, 35. 6d. cl. bds. 
•^A good, socnd educator, and will be accepted as an •.ntbonty."--//orvlogia*l Journal. 

Silversmiths' Work. 

THE SILVERSMITH'S HANDBOOK. By George E. Gee. 
Jeweller, &c. Second Edition, Revised, with numerous Illustrations. i2mo, 
35. 64. cloth boards. 
" Workers in the trade will speedily discover its merits when they sit down to study it."— 
English Mechanic. 

♦»* The above two works together, strongly half-bound, price 7s. 
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Bretid and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR- - 
BOILER'S ASSISTANT. Including a large variety of Modern Recipes. 
With Remarks on the Art of Bread-making. By Robert Wblls, Practical 
Baker. Second Edition, with Additional Recipes. Crown 8vo, a*, cloth. 
" A Urge number of wrinkles for the Ordinary cook, as weU as the baker."— Saturdmy Review. 

Confectionery. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE, 
For Hotels, Restaurants and the Trade in general, adapted also for Family 
Use. By Robert Wells, Author of " The Bread and Biscuit Baker's and 
Sugar Boiler's Assistant." Crown 8vo, 2S. cloth. 
" We cannot speak too highly of this really excellent work. In these days of keen competition 
oar readers cannot do better than purchase this \>oo\i."—BaAers' Times. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY: A Guide for Bakers. 
Confectioners and Pastrycooks ; including a variety of Modem Recipes, and 
Remarks on Decorative and Coloured Work. With 129 Original Designs. 
By Robert Wells. Crown 8vo, 5s. cloth. 

"A valuable work, and should be in the hands of every baker and ponfectioner. The illus- 
trative designs are alone worth treble the amount charged for the whole vtork."— Bayers' Times. 

Flour Confectionery. 

THE MODERN FLOUR CONFECTIONER, Wholesale and 
Retail. Containing a large Collection of Recipes for Cheap Cakes, Biscuits, 
&c. With Remarks on the Ingredients used in their Manufacture, &c. By 
R. Wells, Author of "Ornamental Confectionery," "The Bread and Biscuit 
Baker," " The Pastrycook's Guide," &c. Crown 8vo, as. cloth. 

Laundry Work. 

LA UNDRY MANAGEMENT. A Handbook for Use in Private 
and Public Laundries, Including Descriptive Accounts of Modern Machinery 
and Appliances for Laundry Work. By the Editor of "The Laundry 
Journal." With numerous Illustrations. Crown 8vo, 2S, 6d, cloth. 






CHEMICAL MA NUFACTURES ft COMMERCE. 

New Manual of Engineering Chemistry. 

ENGINEERING CHEMISTRY : A Practical Treatise for the 
Use of Analytical Chemists, Engineers, Iron Masters, Iron Founders, 
Students, and others. Comprising Methods of Analysis and Valuation of the 
Principal Materials used in Engmeering Work, with numerous Analyses, 
Examples, and Suggestions. By H. Ioshua Phillips, F.I.C, F.C.S., 
Analytical and Consulting Chemist to the Great Eastern Railway. Crown 8vo, 
320 pp., with Illustrations, zos. 6d. cloth. [Just published, 

" In this work the author has rendered no small service to a numerous body of practical men. 
. . . The analytical mtthods may be pronoimced most satisfactory, bein; as accurate as the 
despatch required of enfineering chemists permits."— CA«««fa/ AV»x. 

Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID AND GASEOUS, Their AnaAysis 
and Valuation. For the Use of Chemists and Engineers. By H. J. Phillips, 
F.C.S., Analytical and Consulting Chemist to the Great Eastern Railway. 
Crown 8vo, 3s. 6d. cloth. 

" Ousrbt to have its place hi the laboratory of every metallurgical establishment, and wherever 
fuel is used on a laree sc9le."—Chtmical News. 

"Cannotfailtobeof wide interest, especially at the present Hmt."^RaiIway News. 

Alkali Trade, Manufacture of Sulphuric Acid, etc. 

A MANUAL OF THE ALKALI TRADE, including the 

Manufacture of Sulphuric Acidj Sulphate of Soda, and Bleaching Powder. 

By John Lomas. 390 pages. With 232 Illustrations and Working Drawings. 

Second Edition. Royal Bvo, £1 los. cloth. 

"This book is written by a manu&cturer for manufiacturers. The working details of the most 
approved forms of apparatus are given, and these are accompanied by no less than e^ wood en- 
srravings, all of which may be used for the purposes of construction."— Athe$un*m. 
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The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY. Containing all known Methods of Anhydrou* Analysis, Work- 
ing Examples, and Instnictiont for Making Apparatus. By Lient.-Col. W. A. 
Ross, R.A. With 120 Illustrations. New Edition. Crown 8vo, 5s. cloth. 
"The student who sfoes through the course of experimentation here kid down will gain a 
better insight into faiotiranic chemStry and mineralogy than if he had 'got up' any of the best 
text-books ol the day, and pasted any number of examinations in their contents.' WTAtfM/co/ News, 

Commercial Chem>ical Analysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA- 
LYSIS; or, Practical Instructions tor the determination of the Intrinsic or 
Commercial Value of Substances used in Manufactures,Trades, and the Arts. 
By A. Normandy. New Edition by H. M. Noad,F.R.S. Or. 8vo, las. 64. cl. 
"Essential to the analysts appointed under the new Act. The most recent results are given, 
and the work is well edited and carefiiOy written."— A<i^r«. 

Breiuing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B. A. New Edition, much Enlarged. [In the press . 

Dye^Wa/res and CoUywrs. 

THE MANUAL OF COLOURS AND DYE-WARES: Their 
Properties, Applications, Valuation, Impurities, and Sophistications. For the 
use of Dyersj Printers, Drysalters, Brokers, &c. By J. W. Slater. Second 
Edition, Revised and greatly Enlarged. Crown 8vo, 7s. 6d. cloth. 
" A complete encyclopaedia of the materia Hncioria. The information given respecting each 

article is full and precise, and the methods of determining the value of articles such as these, so 

liable to sophistication, are given with clearness, and are practical as well as valuable."— CA^mij/ 

and Druggist. 

" There is no other work which covers precisely the same ground. To students preparing 

for examinations in dyeing and printing it will prove exceedingly usefiiL"— CA^mmo/ News. 

Bigm,ents. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non- Permanency, and Adul- 
terations ; Effects in Combination with Each Other and with Vehicles ( and 
the most Reliable Tests of Purity. By H. C. Standage. Second Edition. 
Crown 8vo, 25. 6d. cloth. 

" This work is indeed multum-in-parvo, and we can, with TOod conscience, recommend it to 
all who come in contact with pigments, whether as makers, deafers or users."— CA*»«ftca/ Review. 

Gauging. Tables and Mules for Revenue Officers^ 

Brewers, etc, 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda for Revenue Officers, Brewers, 
Spirit Merchants, &c. By J. B. Mant (Inland Revenue). Second Edition 
Revised. Oblong z8mo, 4s. leather, with elastic band. 

" This handy and useful book is adapted to the requirements of the Inland Revenue Depart* 
ment, and wQl be a favourite book of reference." — Cwilian. 

" Should be in the hands of every practical brewer."— ^mevrx" ydumal. 



AGRICULTURE, FARMING, G ARDENING, etc. 

Touatt and Burn's Complete Cfrazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT, Including the Breeding, Rearing, and Feeding 
of Stock : Management of the Dairy, Culture and Management of Grass 
Land, and of Grain and Root Crops, &c. By W. Youatt and R. Scott 
Burn. An entirely New Edition, partly Re-written and greatly Enlarged, by 
W. Fream, B.Sc.Lond., LL.D. In medium 8vo, about 1,000 pp. [/«i the press. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
late Professor of Agriculture, Glasgow Veterinary College. Third Edition. 
Royal 32mo, 4s. leather. 
•• The most complete and comprehensive Note-book for Farmers and Farm Students that we 

have seen. It literally teems with mformation, and wo can cordia Uyrecommend it to aU connected 

with agrcuilture."— M»r<* British AfrricMUurUt. 
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JPlour Manufactture, MUHng, etc. 

FLOUR MANUFACTURE : A Treatise on MiUing Science 
and Practice. Bv Fribdrich Kick, Imperial Regieningsratti, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, A.M.I.C.B. Nearly 400 pp. Illustrated 
witn 28 Folding Plates, and 167 Woodcuts. Royal 8vo, 25s. cloth. 
" This valuable work is, and will remain, the standard authority cm the sdence of rniOine. . 
The miller who has read and digested this work will have laid the fbundatioD, so to speak, of a suc> 
cessiiil career ; be will have acquired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modem millmg in good, 
sound Eni^sh, which has litde. if any. trace of the German idiom."— 7Vk« MilUr. 

** The appearance of thb celebrated work in English is very opportune, and British millers 
win, we are sure, not be slow in availing themselves of its ^p»g:t&. —Miliers' Gtuettt, 

SmaU Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm. Being an Introduction to Modem Farm Practice for Small Farmers 
in the Culture of Crops ; The Feeding of Cattle; The Management of the 
Dairy, Poultry and Pigs. &c. &c. By Robert Scott Burn, Author of " Out- 
lines of Landed Estates' Management." Numerous lUusts., cr. Svo, 6s. cloth. 
"This is the completest book of its class we have seen, and one which every amateur farmer 
wID read with pleasure and accept as a guide/'— Ft^A/. 

" The volume contains a vast amount of useful information. No branch of fimning is le(t 
untouched, from the labour to be done to the results achieved. It may be safely recommended to 
all who think they will be in paradise when they buy or rent a three-acre farm."— CAur^ow Herald. 

Modem Farming. 

OUTLINES OF MODERN FARMING, By R. Scott Burn. 
Soils, Manures, and Crops— Farming and Farming Economy — Cattle, Sheep, 
and Horses — Management of Dairy, Pigs and Poultry — Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Edition. In One Vol., 1.250 pp., half- 
bound, profusely Illustrated, i2s. 

" The aim of the author has been to make his work at once comprehenshre and trustworthy, 
and in this aim he has succeeded to a degree which entitles him to much credit."— i/^mtM;^ 
Advtrtistr. " No farmer should be without this book."— ^a«*«ry GuanUan. 

Agricultural Engineering. 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF. 
Comprising Draining and Embanking; Irrigation and Water Supply ; Farm 
Roads, Fences, and Gates ; Farm Buildings, their Arrangement and Con- 
struction, with Plans and Estimates; Bam Implements and Machines ; Field 
Implements and Machines: Agricultural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the " Farmers' Gazette," late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, &c &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12s. 
"Written with great care, as weU as with knowledge and ability. The author has done his 

work well ; we have found him a very trustworthy guide wherever we have tesud his statements. 

The volume will be of great value to agricultural students,"— JIfarJk Latu Express. 

'• For a young agriculturist we know of iuo handy vohmie like^ to be more usefully studied. 

—BeWs Wukly Mtssenger, 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN : A Text-Book of 
Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. By Hugh Clbmbnts (Board of 
Trade). Second Ed., Revised, with Additions. iSmo, 2s. 6d. cl. 
"A most comprehensive volume, giving a mass oiiDSoxTaa!tion."—A£rricHlturalEconofHist. 
"It is a long time smce we have seen a book which has pleased us more, or which contains 
such a vast and useful fund of knowledge."— fd^Mm/tbMo/ Times. 

Tables for Fartners, etc. 

TABLES, MEMORANDA, AND CALCULATED RESULTS 
for Farmers, Gratters, Agricultural Students, Surveyors, Land Agents Auc- 
tioneers, etc. With a New System of Farm Book-keeping. Selected and 
Arranged by Sidney Francis. Second Edition, Revised. 272 pp., waist- 
coat-pocket size, IS. 6d, limp leather. 

•* Weighing less than i or., and occupying no more space than a match box, it contains a mass 
of facts and calculations which has never before, in such handy form, been obtainable. Every 
operation on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of 
'5Jjj*« "°^ ^ revised by Dr. Fream. We cordially recommend it."— BeiTs fTeeJUy 

AiJ!.^°^^^^^^\.^^\^^^*^^ ' ' • The agriculturist who possesses' himself of it will not be 
disappomted with hxs investment."— T/u FaHn. ^ 
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Fa^fn and Estate Book-keeping. 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted for all 
Classes of Farms. By Johnson M. Woodman, Chartered Accountant. Second 
Edition, Revised. Cr. 8vo, 35. 6d. cl. bds. ; or 25. 6d. cl. limp. 
" The T<dume is a capital study of a most important subject."— ^^ricttitural Gasttte. 
"Will be found of great assistance by those who intend to commence a system of book-keep* 

>n^. the author's examples being dear and explicit, and his explanations, while full and accurate, 

being to a large extent free from technicalities."— Z,ive Stock youmal. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 
a Weekly Labour Account and Diary, and showing the Income and Expen- 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Profit and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com- 
plete Record ot the Farming Operations. By Johnson M.' Woodman, 
Chartered Accountant. Folio, js. 6d. half bound. [cuUnre. 

"Contains every requisite form for keeping farm accounts readily and accurately."— ^^t'- 

Ea/rly Fruits, Flowers and Vegetables. 

THE FORCING GARDEN : or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Builmng Glass* 
houses. Pits and Frames. By Samubl Wood. Crown 8vo, 35. 6d. cloth. 

" A good book, and fairly fills a place that was in some d^nree vacant The book is written with 
great care, and contains a great deal of valuable teaching."— Gardeners' AtagoMine, 

" Mr. Wood's book is an origfaial and exhaustive answer to the questicm ' How to Grow Early 
Fruits. FV>wers and VegetaUesf ''—Land and Water, 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Laying-out oC Gardens and Grounds, &c. By S. Wood. 
Fourth Edition, with numerous Illustrations. Crown 8vo, 35. 6d, cloth. 
"A very good book, and one to be highly recommended as a practical guide. The practical 

directions are exctXLeatJ'—AthenaHm. 

"Maybe recommended to young gardeners, cottagers, and specially to amateurs, for the 

plain, simple, and trustworthy imbrmation it gives on common matters too often neglected."— 

Gardener^ Chronicle. 

Gainful Gardening. 

MULTUM-IN-PAKVO GARDENING; cr, How to make One 
Acre of Land produce £6ao a-year by the Cultivation of Fruits and Vegetables ; 
also, How to Grow Flowers in Three Glass Houses, so as to realise £176 per 
annum clear Profit. By S. Wood. Fifth Edition. Crown 8vo, is. sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentleman's 
gardener, tHit to the maricet fpowex."— Gardeners' MatraMtne, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateurs* Complete Guide. By S. Wood. With Illusts. Cr.Svo, 3s. 6d. cl. 

" This volume contains a good deal of sound, common sense instruction."— F^ri;r/. 

" Full of shrewd hints and useful instructions, based on a lifetime of experience."-'^ie0<:rman. 

Receipts for Gardeners. 

GARDEN RECEIPTS, By C. W. Quin. i2mo, is. 6d. cloth. 

"A useful and handy book, containing a good deal of valuable information."— ^M<n0Ni»(. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Contributors 
to "The Garden." Compiled by C. W. Shaw, late Editor of "Gardening 
Illustrated." lamo, 35. 6a. cloth boards. 
" The most valuable compendium of kitchen and market-garden work pubiishtd,"— Farmer. 

Cottage Gardening. 

COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables for 
Small Gardens. By E. Hobday, xamo, 15. 6d, cloth limp. 

Fotato Culture. 

POTATOES : How to Grow and Show Them. A Practical Guide 
to the Cultivation and General Treatment of the Potato. By James Pink. 
Second Edition. Crown 8vo, 2S. cloth. 
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Hudson's Land Valuer's Bocket-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calcnlatini; the Valve of Estates. With 
Tables ior redacing Scotch, Irish, and Provincial Cnstomary Acres to Statute 
Measure, Ac. By R. Hudson, C.B. New Edition. Royal samo. leather, 
elastic band, 4s. 

"This new edition include* tables for ssrerhihilng the value of leases for anjr term of years ; 
and fior showinf how to lay out plots of around of certain acres in forms, square, round, &c^ with 
B rules for ascertaining the probable worth of standing timber to any amount ; and is of 
able value to the country gentleman and professional mux."'-Fmrmerr yoummt. 



EwarVs Land Improver's JPochet'Book. 

THE LAND IMPROVER'S POCKET-BOOK OF PORMULM, 
TABLES and MEMORANDA required in any Computation relating to the 
Permanent Improvement of Landed Property, By John Ewart, Land Surveyor 
and Agricultural Engineer. Second Edition, Revised. Royal aamo, oblong, 
leather, gilt edges, with elastic band, 4$. , 
** A compendious and handy little rchua^J'—^ftautfr, 

Complete Agricultural Surveyor's JPochet'Booh. 

THE LAND VALUER'S AND LAND IMPROVEI^S COM- 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to- 
gether. Leather, gilt edges, with strap, 7s, 6d. 

** Hudson's book Is the best ready*reck<Mier on matters relating to the valuation ot land and 
crops, and its combination with Mr. Ewart's work greatly enhances ue value and usefulness of the 
latter-mentioned. ... It Is most usc^ as a manual for reference."— A^orM nf England Farmtr. 

Auctioneer's Assistant, 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, tor the Valua^ 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generallv; with Prices for Inventories, &c. Bv John Whbblbr, 
Valuer, &c. Fifth edition, re-written and greatly extenaed by C. Norms, 
Surveyor, Valuer, &c. Royal 33010, 5s. cloth. 

" A neat and concise book of reference, containing an admirable and dearly*arranged list of 

prices for inventories, and a very practical guide to determine the value of fumiture,ftc"— ;SteN<tor<£ 

" Contains a large quantity of varied and useful information as to the valuation for purchase. 

sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 

Inventories, and a guide to determine the vahie of interior fittings and other effects."— ^viiUlfr. 

Atu^tioneering, 

AUCTIONEERS: THEIR DUTIES AND LIABILITIES. 
A Manual of Instruction and Counsel for the Young Auctioneer. By Robbrt 
Squibbs, Auctioneer. Second Edition, Revised and partly Re- written. Demy 
8vo, 12s, 6d, cloth. 

*'The position and duties of auctioneers treated compendiously and c3to$Ay."—BuiU*r, 
"Every auctioneer ought to possess a copy of this excellent wotlc."—Ifvn*m>f^ger, 
" Of great value to the profession. . . . We readily welcome this book from the fisct that It 
treats the subject in a manner somewhat new to the promsion."— £xAi/» Gom^U, 

Legal €huide for Pawnbrokers, 

THE PAWNBROKERS', FACTORS* AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods. Debentures, Mercantile and other Se> 
curities. By H. C. Folkard, Esq., Barrister-at-Law, Author of " The Law 
of Slander and Libel," &c. With Additions and Corrections. Fcap. 8vo, 
3s. 6d, cloth. 

•' This work contains dmphr everyttdng that requires to be known concerning the department 
of the law of which it treats. We can safely commend the book as unique and very nearly perfect' 
— /rw». 

•* The task undertaken by Mr. Folkard has been very satisfactorily performed. . . . Such ex- 
planations as are needful have been supplied with great clearness and with due tegaxd to brevity. ' 
Ciiv Prtss. 
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Law of BatenU. 

PATENTS FOR INVENTIONS, AND HOW TO PROCURE 
THEM, Compiled for the Use of Inventors, Patentees and others. By 
G. G. M. Hardingham, Assoc.Mem.Inst.C.E., &c. Demy 8vo, cloth, price 

2S,6d, 

Metropolitan Hating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Rydb and Arthur Lyon Rydb. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
1860, and an Appendix by Walter C. Ryds, oi the Inner Temple, Barrister* 
at-Law. 8vo, x6s. cloth. 



' A useful work, occupying a place mid-way between a handbook for a lawyer and a guide to 
B surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose spe- 
cialty, it is acknowledged, lies i the direction of assessing property for rating purposes."— Z^aMi/ 



Agents Record. 

" It is an indispensable wo of reference for all engaged in assessment business."— 7<wr»a/ 
^ Gas Lighting: 

Mouse Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Practi- 
cal Guide to the Purchase, Mortgage, Tenancy, and Compulsory Sale of 
Houses and Land, including the Law of Dilapidations and Fixtures ; with 
Examples of all kinds of Valuations, Useful Information on Building, and 
Suggestive Elucidations of Fine Art. By E. L. Tarbuck, Architect and 
Surveyor. Fourth Edition, Enlarged. lamo, 5s. cloth. 
** The advice is thoroughly practical"— £aw yourtuU. 

" For all who have deamigs with house propei^, this is an indispensable gaiAe."— Decoration. 
" Carefully brought up to date, and much unproved by the addition of a division on fine art. 
" A well'written and tnous^tful woric"— Z,a»<f Agenfs Record. 

lnwood'8 Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, Of Leasehold; Annuities, A dvowsons, etc, said for the Renewing; of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms oi Years certain, and tor Lives [ also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c. ; together with Smart's 
Five Tables of Compound Interest, and an Extension of the same to Lower 
and Intermediate Rates. By W. Inwood. 23rd Edition, with considerable 
Additions, and new and valuable Tables of Logarithms for the more Difficult 
Computations of the Interest oi Money, Discount, Annuities, &c., by M. Fbdor 
Thoman, oi the Soci^t^ Cr6dit Mobilier of Paris. Crown 8vo, 85. cloth. 
"Those interested in the purchase and sale of estates, and in the adjustment of compensation 

cases, as wdlas fai transactions in annnitfes, Ufe insurances^ 8k., will find the f^esent edition of 

eminent sievricie."^£figiHeeritig. 

"'Inwood's Tables 'stiOmataitain a most envlaUe reputation. The new issue has been emkhed 

by large additional contributions by M. Fedor Theman, whose carefully arranged Tables cannot 

fail to be of the utmost utility.'*— iKw^ youmoL 

AgHcuUwral and Tenant^Might VaituUion. 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 
ASSISTANT. A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right-Valua* 
tions, Scales ot Compensation under the Agricultural Holdings Act. 1883. 
&c. &c. By Tom Bright, Agriculttiral Surveyor. Crown 8vo, 3s. 6d. cloth. 
•' Full of tables and examples in connection with the valuation of tenant-right, estates, labour. • 

contents, and weights of timber, and farm produce of all 1dads."—AgricuUurai Gasette. 

" An eminent^ practical handbook, fiill of practical tables and daU of undoubted interest and 

vahie to surveyors and auctioneers in preparing valuations of all Idnds."— <Farm«r. 

I*lantations a/nd Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical 
Handbook on Estimating the Cost of Forming, Renovating, Improving and 
Grubbing Plantations and Underwoods, their Valuation for Purposes ot 
Transfer, Rental, Sale or Assessment. By Tom Bright, F.S.Sc, Author ot 
" The Agricultural and Tenant-Right- Valuer's Assistant," &c. Crown 8vo, 
35. 6d. cloth. \Jmt published, 

" Will t>e found very useful to those who are actuaDy engaged in managing wood."— BeWs 



fVkekly Messenger. 

••T< 

"W 

and use both to surveyors and auctioneers in preparing valuations 



'o valuers, foresters and agents it win be a welcome axd."—Norik British AgrieuUurist, 
Wen calculated to asdst the valuer in the discharge of his duties, and of undoubted interest 
" "" " • * • * "• of aU kinds. "—Ar«»/^m»«. 
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A Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy-Book of the 
Principle* of Law and Equity. By A Barrister. Twenty-ninth Edition. 
Revised and Enlarged. Including the Legislation of 1891, and inclading 
careful digests of The Tithe Act, 1891 ; the Mortmain and Charitable Uses 
ActtiSgi; the Charitable Trusts {Recovery) Act, 1891; the Forged Transfers 
Act, iSgi; the Custody of Children Act, 1891; the Slander of Women Act, 
1891; the Public Health (London) Act, 1891; the Stamp Act, 1891; the 
Savings Bank Act, 1891 ; the Elementary Education (" Free Education'*) Act, 
itez; the County Councils (Elections) Act, 1891 ; and the Land Registry 
(Middlesex Duds) Act, 1891 ; while odier new Acts have been duly noted. 
Crown Svo, 688 pp., price 6s. Sd. (saved at every consultation I ), strongly 
bound in cloth. {Just published. 

♦^♦THE BOOK WILL BE FOUND TO COMPRISE (AMONGST 
OTHER MATTER)— 

The Rights and wrongs of individuals— landlord and Tenant— Vendors 
and purchasers— partners and agents— companies and associations— masters, 
servants and workmen— leases and mortgages— church and clergy. ritual 
-libel and slander— contracts and agreements -bonds and bills of sale- 
cheques, bills and notes-railway and shipping law— bankruptcy and in- 
surance—borrowers, lenders and sureties— criminal law— parliamentary 
elections— county councils— municipal corporations— parish law, church- 
wakdbns, etc.- public health and nuisances— friendly and building 
societies— copyright and patents— trade marks and designs— husband and 
Wife, DrvoRCE, etc— Trustees and Executors— intestacy, Law of— Guardian 
AND Ward, infants, etc.- Game laws and sporting- horses, horse-dealing 

AND dogs— INNKEEPERS, LICENSING* ETC— FORMS OF WILLS, AGREEMENTS, ETC ETC 

Note.— r/te object of this work is to enable those who consult it to help them- 
selves to the law; and thereby to dispense, as far as possible, with professional 
assistance and advice. There are many wrongs and grievances which persons sub- 
mit to from time to time through not knowing how or where to apply for redress ; and 
many persons have as great a dread of a lawyer*s office as of a Iton's den. With this 
book at hand it is believed that many a Six-and-Eightpence may be saved; many 
a wrong redressed ; many a right reclaimed; many a law suit avoided ; and many 
an evil abated. The work has established itself as the standard leefal adviser of all 
classes, and also made a reputation for itself as a useful book of reference for lawyers 
residing at a distance from law libraries, who are gUid to have at hand a work em- 
bodying recent decisions and enactments. 

•»* Opinions of the Press. 

" It is a complete code of English Law, written in plain language, which all can understand. 
. . Should be in the hands of every business man, and all who wish to abolish lawyers' bills."— 
H'eefcly Tinus. 

" A useful and concise epitome of the law, compiled with considerable care."— I^tw MagaKint. 

"A complete digest of the most useful facts which constitute English \vn:'— Globe. 

" Admirably done, admirably arranged, and admirably ch^^p."— Leeds Mercuyy, 

' A concise, cheap and complete epitome of the English law So plainly written that he who 
nms may read, and he who reads may understand."— /^i^at-o. 

" A dictionary of legal facts well put together. The book is a very useful one."— 5>»ecftt/^. 

"The latest edition of this popular book ought to be in every business establishment, and on 
every library ta.hle."—Shefflela Post. 

Private BiU Legislation and Provisional Orders, 

HANDBOOK FOR THE USE OP SOLICITORS AND EN- 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi- 
Bional Orders, for the Authorization of Railwavs, Tramwavs, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassey, of the Middle Temple, Barrister-at-Law, 
M.Inst.C.E. ; Author of " Hints on Water Supply." Svo, 950 >pp., 25s. cloth. 

"The volume is a desideratum on a subject which can be only acquired by practical experi- 
ence, and the order of procedure in Private Bill Legislation and Provisional Orders is followed. 
The author's suggestions and notes will be found of great vahie to engineers and others profession- 
ally engaged in this class of pnctice.''—BMiMifig^News. 

" The author's double experience as an engineer and barrister has eminently qualified him for 
the task, and enaUed him to approach the subject alike from an engineering and legal point of 
view. The volume will be found a great help both to engineers and lawyers engaged in promoting 
Private Acts of Parliament and Provisional Ordeits."—Lo cai Govemnunt Chronicle. 
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LONDON, 1862. 
THE PRIZE MEDAL 

Was awarded to the Publishers of 

"WEALE'S SERIES." 




A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SGIENTIFIC,EDUGATIONAL, 
AND CLASSICAL. 

Comprising nearly Three Hundred and Fifty distinct works in almost every 
department of Science^ Art^and hdiication^ recom?nended to the notice o f Engineers^ 
Architects^ Builders^ Artisans, and Students generally, as well as to those interested 
in Workmen's Libraries, Literary and Scienttfic Institutions, Colleges, Schools, 
Science Classes, ^c.,^^c^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

IS" •* WEALE'S SERIES includes Text-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
' Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured." — American Literary Gazette. 

** Amongst the literature of technical education, Weale's Series has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
LocKWOOD & Son render the series more complete, and bring the informa- 
tion upon the several subjects down to the present time." — Mining Journal, 

•' It is not too much to say that no books have ever proved more popular 
with, or more useful to, young engineers and others than the excellent 
treatises comprised in Weale's Series." — Engineer. 

" The excellence of Weale's Series is now so well appreciated, that it 
would be wasting our space to enlarge upon their general usefulness and 
value." — Builder. 

" The volumes of Weale's Series form one of the best collections of 
elementary technical books in any language." — Architect. 

" WEALE'S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science." — Public Opinion, 




PHILADELPHIA, 1876. 
^^THE PRIZE MEDAL 

Was awarded to the Publishers for 

Books : Sudimentary, Scientific, 
"WEALE'S SERIES." ETC. 

CROSBY LOCKWOOD & SON, 

7, STATIONERS' HALL COURT, LUDGATE HILL, LONDON, E.G. 




WEALE S RUDIMBNTARY SKRIES. 



WEALE'S RVDIMEHTAAT SCIEHTIPIC SERIES. 




*«* The volumes of this Series are fre^ Illustrated with 
Woodcuts, or otherwise, where requisite. Tnroughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated; but the volumes marked 
vn'th a X ntay alto be had tirongly bound in cloth boards for 6d, 
extra, 

NM^—In ordering from this List it is recommended^ as a 
means of facilitating business and obviating error^ to quote ths 
numbers affixed to the volumes^ as voell as the titles and prices. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. ' 

31. WELLS AND WELL-SINKING. By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnbll, C.E. Revised Edition. With a New 
Appendix on the Qualities of Water. Illustrated, as. 
iS. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. By Gen. Sir T. Burgoynb, Bart. is. 6d. 

43. TUBULAR, AND OTHER IRON GIRDER BRIDGES^pzT- 

ticularly describing the Britannia and Conway Tubular Bridges. By G. 
Drvsdalb Dkmpsbv, C.E. Fourth Edition. 2s. 

44. FOUNDATIONS AND CONCRETE WORKS, with Practical 

Remarks on Footings, Sand, Concrete, fi6ton, Pile-driving, Caissons, and 
Cofferdams. &c. By E. Dobson. Seventh Edition, is. 6d. 

60. LAND AND ENGINEERING SURVEYING. By T. Baker, 

C.E. Fifteenth Edition, revised by Professor J. R. Young. 2s.t 
8o*. EMBANKING LANDS FROM THE SEA. With examples 
and Particulars of actual Embankments, &c. By J. Wiggins, F.G.S. 28. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water, &c. By S. HuoHBS, C.E. New Edition.^ 4S.^ 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Slcetch 
of. By David Stbvbnson, F.R.S.E., &c. Plates and Diagrams. 3s. 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 
WORKS. Bv Francis Campin, C.E. 2s. 6d.t 

197. ROADS AND STREETS. By H. Law, C.E., revised and 
enlarged by D. K. Clark, C.E., including pavements of Stone, Wood, 
Asphalte, &c. 4S. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. By C. Slagg, A.M.I.C.E. Revised Edition. 3s.t 

212. GAS-WORKS, THEIR CONSTRUCTION AND ARRANGE' 

MENTi and the Manufacture and Distribution of Coal Gas. Originally 
written by Samuel Hughes, C.E. Re-written and enlarged by William 
Richards, C.E. Eighth Edition, with important additions. 5s. 6d.t 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. Second Edition, revised, js.t 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. O.K. 
Including Hydraulic Engineering by Geo. R. Burnbll, M.Inst. C.E. 
Seventh Edition, revised, with large additions by D. Kinnbar Clark, 
M.Inst. C.E. 6s. 6d., Cloth boards, 7s. 6d. 

268. THE DRAINAGE OF LANDS, TOWNS, 6* BUILDINGS. 
By G. D. Dempsey, C.E. Revised, with large Additions on Recent Practice 
in Draiaage Engineering, by D. Kinnbar Clark, M.I.C.E. Second Edition, 
, Corrected. 4s. 6d.t \Jusf published. 

The t indicates that these vols* ma y be had strongly bound at 6d extn^ ' 
IX)NDON : CROSBY LOCKWOOD AND SON, 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE, By Dr, Lardner. Illustrated. is.6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
82. THE POWER OF WATER, as appUed to drive Flour Mills, 

and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 2%.% 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Bakbr, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.t 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Bakbr, C.E. i«. 6d, 
«^. MODERN WORKSHOP PRACTICE, as applied to Steam 

Engines, Bridges, Ship-building, Cranes, &c. By T. G. Winton. Fourth 

Edition, much enlarged and carefully revised. 3s. 6d.t [Just Published, 
165. IRON AND HEAT, exhibiting the Principles concerned in th« 

Construction of Iron Beams, Pillars, and Girders. By J. Armour. 28. 6d.* 
466. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2S.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By J. Maxton. 7th Edn. With 7 Plates aad 350 CuU. 3«. 6d.« 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an Extension of the Elementary Treatise on the Steam 

Engine of Mr. John Sewbll. By D. K. Clark, M.I.C.E. 3s. 6d.* 
200. FUEL, its Combustion and Economy. By C. W. Williams. 

With Recent Practice in the Combustion and Economy of Fuel — Coal, Coke, 
Wood, Peat, Petroleum, &c.— by D. K. Clark, M.I.C.E. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnbar Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

?lating, and Calculating Boiler and Tank Work.- By John Courtnby 
Vactical Boiler Maker. EditedbyD.K. Clark, C.E. zoo Illustrations. 2s, 
217. SEWING MACHINERY: Its Construction, History, &c., with 
full Technical Directions for Adjusting, 8cc. By J. W. Urquhart, C.E. 2S.t 
223. MECHANICAL ENGINEERING, Comprising Metallurgy, 
Moulding, Casting, Forring, Tools, Workshop Machinery, Manufacture oi 
the Steam Engine, &c. By Francis Campin, C.E. Second Edition. 2s. 6d.t 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron. By Francis Campin, C.E. 31.* 

237. THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. E. Crane. Illustrated. 2s. 6d.J 

238. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 

book for Tinsmiths, Coppersmiths, Zincworkers, &c. With 94 Diagrams and 
Working Patterns. By W. J. E. Crane. Second Edition, revised, is. 6d. 
251. STEAM AND MACHINERY MANAGEMENT: with Hints 
on Construction and Selection. By M. Powis Bale, M.I.M.E. 2s. 6d.| 

254. THE BOILERMAKER'S READY-RECKONER, By J. 

Courtney. Edited by D. K. Clark, C.E. 4s., limp ; ss., half-bound. 

255. LOCOMOTIVE ENGINE-DRIVING, A Practical Manual iat 

Engineers in charge of Locomotive Engines. By Michael Reynolds, M.S.F. 
Eighth Edition. 3s. 6d., limp ; 4s. 6d. cloth boards. 

256. STATIONARY ENGINE-DRIVING, A Practical Manual 

Engineers in charge of Stationary Engines. By Michael Reynolds, M.S.E. 
Third Edition. 3s. 6d. limp ; 4s. 6d. cloth boards. 

260. IRON BRIDGES OF MODERATE SPAN: their Construc- 
tion and Erection. By Hamilton W. Pendred, C.E. 2s. 



The X indicates that these volfi. may be had strongly bound at 6d. extra, 
7, stationers' hall court, LUDGATE hill, E.G. 
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MINING, METALLURGY, ETC. 
4, MINERALOGY, Rudiments of; a concise View of the Greneral 
Proi>erties of Minerals. By A. Ramsay, F.G.S., F.R.G.S., 8cc. Third 
Edition, revised and enlarged. Illustrated. 3s. 6d.t 

117. SUBTERRANEOUS SURVEYING, with and without the Mag- 
netic Needle. By T. Fbnwick and T. Baker, C.£. Illustrated. 2s. 6d. t 

135. ELECTRO-METALLURGY; PracticaUy Treated. By Alex- 
ander Watt. Ninth Edition, enlarged and revised, with additional Illus- 
trations, and including the most recent Processes. 3s. 6d.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d. 
I72*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. 

176. METALLURGY OF IRON, Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores. Processes of Manu- 
&u:tur6 of Iron and Steel, 8tc. By H. Bauerman, F.G.S. Sixth Edition, 
revised and enlarged. 5s4 [Just published, 

180. COAL AND COAL MINING. By the late Sir Warington W. 
Smyih, M.A., F.R.S. Seventh Edition, revised. 3s. 6d.t [Just published. 

195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE. By W. Lintern, M.E. Third Edition, including Mag- 
netic and Angular Surveying. With Four Plates. 3s. 6d.t 

114. SLATE AND SLATE QUARRYING, Sc\^nX.\fic,VnLci\C2X, and 
Commercial. By D. C. Davies, F.G.S., Mining Engineer, «cc. 3s.t 

164. A FIRST BOOK OF MINING AND QUARRYING, with the 
Sciences connected therewith, for Primary Schools and Self Instruction. By 
J. H. CoLUNS, F.G.S. Second Edition, with additions, is. 6d. 



ARCHITECTURE, BUILDING, ETC. 

16. ARCHI7ECTURE^0RDERS—Tht Orders and their Esthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHJTEC7 URE^STYLES—The History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to tha 
Present Period. By T. Talbot Bury, F.R.I.B.A„ &c. Illustrated. 2s. 
•»* Orders and Styles of Architecture, in One Vol., 3*. 6d. 

18. ARCHITECTURE— DESIGN— n^ht Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By E. L. Garbett, Architect. Illustrated. 2S.6d. 
%• The three preceding Works, in One handsome Vol., half bound, entitled 
" Modern Architecture," price dr. 
22. THE ART OF BUILDING, Rudiments of. General Principles 
of Construction, Materials used in Building^ Strength and Use of Matenals, 
Working Drawings, Specifications, and Estimates. By £. Dobson, zs.X 
tS. MASONRY AND STONECUTTING : Rudimentary Treatise 
on the Principles of Masonic Projection and their application to Con- 
struction. By Edward Dobson, M.R.I.B.A., &c. 2s. td.t 
42. COTTAGE BUILDING, By C. Bruce Allen, Architect 
Eleventh Edition, revised and enlarged. With a Chapter on Economic Cottages 
for Allotments, by Edward E. Allen, C.E. 2s. 
45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, 8cc. By G. R. Burnell, C.E. Thirteenth Edition, is. 6d. 
• 57. WARMING AND VENTILATION. An Exposition of the 
General Principles as applied to Domestic and Public Buildings, Mines, 
Lighthouses, Ships, &c. By C. Tomlinson, F.R.S., 8tc. Illustrated. 3s. 
III. ARCHES, PIERS, BUTTRESSES, &*c.: Experimental Essays 

on the Principles of Construction. By W. Bland. Illustrated, is. 6d. 
9^^ The t indicates that these vols, may be had strongly bound at td. extra. 

LONDON: CROSBY LOCKWOOD AND SON, 
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Architecture, Building, etc., continued, 

Ii6. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the, Architect and 
Builder. By T. Rogbr Smith, M.K.I.B.A., Architect. Illustrated, zs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS^THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates, ss. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
%• The ivoo preceding Works in One handsome Vol,, half bound, entitled "Ancbnt 
Architecture," price 6s. 

132. THE ERECTION OF DWELLING-HOUSES. Illustrate^ ly 
a Perspective View, Plans, Elevations, and Sections of a pair of Semi- 
detached Villas, with the Specification, Quantities, and Estimates, fcc. By 
S. H. Brooks. New Edition, with Plates. 2s. 6d.t 

456. QUANTITIES 6- MEASUREMENTS m Bricklayers', Masons', 

Plasterers*, Plumbers*, Painters*. Paperhangers*, Gilders*, Smiths*, Carpenters' 
and Joiners' Work. By A. C. Beaton, Surveyor. Ninth Edition, is. 6d. 
475. LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1892. A 
Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors. Re-constructed, Re-written, and 
further Enlarged. By Francis T. W. Miller, A.R.I. B. A. 700 pages. 
3s. 6d. ; cloth boards, 4s. [Just Published. 

182. CARPENTRY AND yOINERY—HwR Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Trbdgold, C.E. With a TREATISE ON JOINERY by E. 
Wyndham Tarn. M.A. Fifth Edition, Revised. 3s. 6d.f 
482«* CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. 

185. THE COMPLETE MEASURER ; the Measurement of Boards, 
Glass. &c. ; Unequal-sided, Square-sided, Octagonal-sided, Round Timber 
and Stone, and Standing Timber, &c. By Richard Horton. Fifth 
Edition. 4s. ; strongly bound in leather, 5s. 

-187. HINTS TO YOUNG ARCHITECTS. By G. WiGHTWICK. 
New Edition. By G. H. Guillaumb. Illustrated. 3s. 6d.t 

i88. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING : with a Course of Elementary Drawing for House-Painters, Sign- 
Writers, Sec, and a Collection of Useful Receipts. By Ellis A. Davidson. 
Sixth Edition. With Coloured Plates 5s. clotp limp ; 6s. cloth boards. 

•189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 
In Six Sections : General Principles; Arch Drawing, Cutting, and Setting: 
Pointing; Paving, Tiling, Materials; Slating and Plastering | Practical 
Geometry, Mensuration, &c. By Adam Hammond. Seventh Edition, is. 6d. 

191. PL UMBING. A Text-Book to the Practice of the Art or Craft ol 
the Plumber. With Chapters upon House Drainage and Ventilation. Sixth 
Edition. With 380 Illustrations. By W. P. Buchan. 38. 6d.* 

^92. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By R. E. Grandy. ss. 

306. A BOOK ON BUILDING, Civil and Ecclesiastical, including 
Church Restoration. With the Theory of Domes and the Great Pyramid 
«tc. Bv Sir Edmund Beckett, Bart., LL.I)., Q.C., F.R.A.S. 4s- 6d.t 

326. THE JOINTS MADE AND USED BY BUILDERS in tbe 
Construction of various kinds of Engineering and Architectural Works. By 
Wyvill J.Christy, Architect. With upwardsof 160 Engravings on Wood, js.l 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised, zs. 6d. 

The X indicates that these vols, may be had strongly bound at 6d. e xtra. 
7, STATIONERS* HALL COURT, LUDGATK HILL, E.G. 
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Architecture, Building, etc., continued, 

229. ELEMENTARY DECORATION : as applied to the Interior 

and Exterior Decoration of Dwelling- Houses, fcc. By J. W. Facsy. 2S. 
257. PRACTICAL HOUSE DECORATION A Guide to the Art 
of Ornamental Painting. By Iambs 9f, Facby. 2s. 6d. 
•«• Tlu two preceding Works, in One handsome Vol., half-bound, entitled** HousB 
Dbcoration, Elbmbntary and Practical/' price $s, 

230. HANDRAILING, Showing New and Simple Methods for finding 

the Pitch of the Plank, Drawing the Moulds, Bevelling, Jointing-up, ana 
Squaring the Wreath. By Gborgb Collinos. Second Edition, Revised 
including A Trbatisb on Stairbuildino. Plates and Diagrams, as. 6d, 
147. BUILDING ESTATES : a Rudimentary Treatise on the Develop* 
ment. Sale, Purchase, and General Management of Building Land. By 
FowLBR Maitland, Surveyor. Second Edition, revised, ss. 

248. PORTLAND CEMENT FOR USERS, By Henry Faija, 

Assoc. M. Inst. C.E. Third Edition, corrected. Illustrated, as. 
25a. BRICKWORK : a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &c. By F. 

Walrbr. Second Edition, Revised and Enlarged, is. 6d. 
23. THE PRACTICAL BRICK AND TILE BOOK Comprising: 
189. Brick and Tilb Making, by E. Dobson, A.I.C.E.; Practical Bricklay- 
B65. nto, by A. Hammond ; Brickcutting and Sbtting, by A. Hammond. 534 



_pp. with 270 Illustrations. 68. Strongly half-bound. 

X. THE *"' " 



tSS.THE TIMBER MERCHANT'S, SAfV-MILLER'S, AND 
IMPORTER'S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich- 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, 8ic By- 
M. Powis Balb, A.M.Inst.C.E. z%.X 

258. CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature^ 
By Gborgb Collings. Second Edition, ss. 6d. 

259. GAS FITTING: A Practical Handbook treating of every 

Description of Gas Laying and Fitting. By John Black. With 122 Illus- 
trations. 2s. 6d.t 

261. SHORING AND ITS APPLICATION: A Handbook for the 
Use of Students. By Gborgb H. Bij^grovr. is. 6d. [Just published, 

265. THE ART OF PRACTICAL BRICK CUTTINGS* SETTING. 
By Adam Hammond. With go Fngravings. is. 6d. [Just published, 

267. THE SCIENCE OF BUILDING : An Elementary Treatise on 
the Principles of Construction. Adapted to the Requirements of Architec- 
tural Students. Bv £. Wyndham Tarn, M.A. Lond. Third Edition, Revised 
and Enlarged. With 59 Wood Engravmgs. 3s. 6d.X [Just published, 

271. VENTILATION : a Text-book to the Practice of the Art of 
Ventilating Buildines. vrith a Supplementary Chapter upon Air Testing. By 
William Paton Bucuan, R.P., Sanitary aad Ventilating Engineer, Author 
of " Plumbing,*' &c. 38. 6d.t [Just published, 

SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 
51. NA VAL ARCHITECTURE, An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construo 
tion. ByJ. Pbakb. Fifth Edition, with Plates and Diagrams. 3s. 6d.t 
S3«. SHIPS FOR OCEAN ^ RIVER SERVICE, Elementary and 
Practical Principles of the Construction of. By H. A. Sommbrfbldt. is. 6d. 
S3««. AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 
54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 
Also Tables of Spars, Rigging, Blocks ; Chain, Wire, and Hemp Ropes, 
ftc., relative to every class of vessels. By Robbrt Kipping, N.A. 2s. 

tSr* The t indicates that these vols, may be had strongly bound at 6d, extra 
LONDON : CROSDY LOCKWOOD AND SON, 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

S4». IRON SHIP-BUILDING, With Practical Examples and Details. 

By JOHH Grantham, C.E. Fifth Edition. 4s. 

55. TjUE sailor* S sea BOOK: a Rudimentary Treatise on 

Navigation. By James Grbbnwood, B.A. With numerous Woodcuts and 

Coloured Plates. New and enlarged edition. Hy W. H. Kossbr. 2S. 6d4 

80. MARINE ENGINES AND STEAM VESSELS, By Robert 
Murray, C.E. Eighth Edition, thoroughly Revised, with Additions by tha 
Author and by George Carlisle, C.E. 4s. 6d. limp ; 5s. cloth boards. 
Zlbis. THE FORMS OF SHIPS AND BOA2S, By W. Bland. 

Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d. 
99. NA VIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Prof. J. R. Young. New Edition. 2s. 6d. 

106. SHIPS* ANCHORS, a Treatise on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING. With Draughting, and the Centre 

of E£fort of the Sails ; Weights and Sizes of Ropes : Masting, Rigging, 
and Sails of Steam Vessels, &c. X2th Edition. By R. Kipping. NX, 2s. 6d.t 

155. ENGINEER* S GUIDE TO THE ROYAL &* MERCANTILE 
NAVIES. By a Practical Engineer. Revised by D. F. M'Carthy. 3s. 

5c PRACTICAL NAVIGATION Consisting of The SaUor's 
£ Sea-Book. By James Greenwood and W. H. Rosser. Together with 

«^. the requisite Mathematical and Nautical Tables for the Working of the 

*^* Problems. By H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 
tf.A COMPLETE READY RECKONER FOR THE ADMEA^ 

SUREMENT OF LAND, 8cc. By A. Arman. Third Edition, revised 

and extended by C. Norris, Surveyor, Valuer, &c. 2S. 
131. MILLER*S, CORN MERCHANTS, AND FARMER'S 

READY RECKONER. Second Edition, with a Price List of Modem 

Flour-Mill Machinery, by W. S. Hutton, C.E. 2s. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. js. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTUNES OF Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PJGS, AND POULTRY, Management of the. By 

R. Scott Burn. (Vol. 4. Outlines of Modern Farming.) 2s« 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <• Outlines of Moubkm 

Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Not. 140-1-2-5-6, tn One Vol.^ handsomely half-bound^ entitled " Outunes 01 
Modern Farming." By Robert Scott Burn. Price 12s. 
177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Breuil. Revised by Geo. Glbnny. 187 Woodcuts, js. 6d.t 
198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 

DISEASES OF. By W. C. Spoonbr, M.R.V.C, «tc. FifUi Edition, 

enlarged, including Specimens ot New ana Improved Breeds. 3s. 6d.t 
aoi. KIICHEN GARDENING MADE EASY. By GEORGE M.F. 

Glrnnv. Illustrated, is. 6d.t 

107. OUTLINES OF FARM MANAGEMENT, and the Organic 

zation of Farm Labour. By R. Scott Burn. 2s. 6d.t 
i08. OUTLINES OF LANDED ESTATES MANAGEMEN2 
By R. Scott Burn. 2s. 6d. 
%* Nos, 207 ^ 208 in One Vol.f handsomely halt-bound^ entitled " Outlines of 
Landed Estates and Farm Management." Bv R. Scott Burn. Price 6s, 

9SS^ The t indicates that these vols, may be had strangely bound at 6d. extra. 
7, stationers' HALL COURT, LUDGATE HILL, E.C. 



WEALES RUDIMENTARY SERIES. 



Agriculture, Gardening, etc., continued, 

209. 7 HE TREE PLANTER AND PLANT PROPAGATOR. 
A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering PlanU, 8ic. By Samuel Wood. 2s. 

110. THE TREE PRUNER, A Practical Manual on the Pruning of 
Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. is. 6d. 
••• Not. 209 6^ tio in One Vol., handsomely half-bound, entitled "The Tree 
Planter, Propagator, and Prunbr." By Samuel Wood. Price 3*. 6d. 

JI8. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, 8cc. 
By John Steele. Fourth Edition. 2s. 

122. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs. Poultry, 
and Pigs. Hy Prof. John Donaldson and R. Scott Burn. 3s. 6a.t 

131. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltet. With Illustrations. 2s. 6d.t 

132. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By E. Hobday, zs. 6d. 
233. GARDEN RECEIPTS, Edited by Charles W. QuiN. is.6d. 
Z34. MARKET AND KITCHEN GARDENING, By C. W. Shaw, 

'late Editor of *' Gardening Illustrated." 3$.* {.Just published, 

239. DRAINING AND EMBANKING, A Practical Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations, is* 6d. 

240. IRRIGA TION AND WA TER SUPPL V, A Treatise on Water 

Meadows, Sewage Irrigation, and Warping; the Construction of Wells, 
Ponds, and Reservoirs, 8cc. By Prof. John Scott. With 34 lllus. x«. 6d. 

241. FARM ROADS, FENCES, AND GATES, A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm; the 
Principles of Enclosures ; and the different kinds of Fences, Gates, and 
Stiles. By Professor John Scott. With 75 Illustrations, is. 6d. 

242. FARM BUILDINGS. A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. By Prof. John Scott. With 105 lUus. 2S. 

243. BARN IMPLEMENTS AND MACHINES, A Practical 

Treatise on the Application of Power to the Operations of Agriculture^ and 
on various Machines used in the Threshing-bam, in the Stock-yard, and in the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244. FIELD IMPLEMENTS AND MACHINES, A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction, their Points of Excellence, and Management. By Professor John 
Scott. With 138 Illustrations. 2s. 

245. AGRICULTURAL SURVEYING, A Practical Treatise on 

Land Surveying, Levelling, and Setting-out ; and on Measuring and Esti- 
mating Quantities, Weights, and Values of Materials, Produce, Stock, fcc. 
By Prof. John Scott. Witn 62 Illustrations, is. 6d. 
•»• Nos. 239 to 24s in One Vol., handsomely half-bound, entitled "The CoMPLETm 
Text-Book of Farm Engineering." By Professor John Scott. Price \tx, 

'50. MEAT PRODUCTION, A Manual for Producers, Distributois, 

&c. By John Ewart. 2s. 6d.t 
266. BOOK-KEEPING FOR FARMERS 6^ ESTATE OWNERS. 

By T. M. Woodman, Chartered Accountant. 2s. 6d. cloth limp ; 3s. 6d. 

clotb boards. {Jttst published. 

K^^ The X indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND SON, 



WEALE S RUDIMENTARY SERIES. 



MATHEMATICS, ARITHMETIC, ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; Their 
Construction, Adjustment, Testing, and Use concisely Explained. By J, F. 
Hbathbr, M.A. Fourteenth Edition, revised, with additions^ by A. T, 
Walmisley, M.I.C.E., Fellow of the Surveyors* Institution. Original Edi- 
tion, in X vol.. Illustrated. 2%.X [Jusi published, 
%• In ordering the above, be careful fo say, " Original Edition '* {No. 32), to distin- 
guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

76. DESCRIPTIVE GEOMETRY, an Elementaiy Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French ol 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M.A. Witn 14 Plates, ss. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Hbathbr, M.A. With 2x5 Woodcuts, as. 

«3. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 
and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King^s College School, London. x«. 6d. 

«4. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 
tions of its Theoretical Principles, and numerous Examples for Practice. By 
Professor J. R. Young. Eleventh Edition, xs. 6d, 

84**. A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d, 

«5. EQUA TIONAL ARITHMETIC, appUed to Questions of Interest, 
Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hipslby. ss. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 
With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2S. 

66*. A Kby and Companion to the above Book, forming an extensive rraositoty <rf 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

8q. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnry Law, C.E. as. 6d4 

•»• Sold also separately, vtz. : — 

88. EucuD, The First Three Books. By Henry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, ix, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann. A New Edition, by Professor J. R. Young. 2s.t 
<^i. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 6d. 
92. SPHERICAL TRIGONOMETR Y, the Elements of. By Jambs 

Hann. Revised by Charles H. Dowling, C.E. xs. 
%• Or with " The Elements 0/ Plane Trigonometry" in One Volume, t*. 6d. 

9$. MENSURATION AND MEASURING. With the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 

Baker, C.E. New Edition by £. Nugent, C.E. Illustrated, is. 6d. 
lOi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSR, F.R.A.S., &c. IS. 6d. 
102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homer SHAM Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Sdf- 

Instniction. By Jambs Haddon, M.A. Revised by A. Arman. is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

%r^ The 1 indicates that these vols, may be had strongly bound at 6d. extra. 
7, stationers' HALL COURT, LUDGATE HILL, B.C. 



lO WEALl'S RUOIMINTARy SERIES. 

Mathematics, Arithmetic, etc., continue, 
\(A. DRAWING AND MEASURING INSTRUMENTS. Includ. 

tag^I. Instruments emplojred in Geometrical and Mechanical Drawing, 
and in the Construction, Coppng, and Measurement of Maps and Plant» 
II. Instruments used for the jpuiposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Ubathbr, M.A. Illustrated, is. 6d. 
169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 
•C(»es, Microscopes, and Apparatus for producing copies of Maps and Plan* 
by PhotofiTaphy. By J. F. Hbathbr, M.A. Illustrated, is. od. 
17a SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Including— I. Instruments Used for Determining the Geometrical Feature* 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Hbathbr, M.A. Illustrated, it. 6d. 
%• Tkt mbov€ three volumes form an enlargement of the Authof't original Vfork 
** Maihemaiical Instruments.** (See No. 32 in the Series.) 

xa.\MATHEMATICAL INSTRUMENTS. By J. F. Hkathee^ 
169. \ M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts a* 
I70.y above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations wi£ 
unexampled rapidity and accuracy. By Charlbs Hoarb, CJB. Fifth 
Edition. With a Slide Rule in tuck of cover, as. 6d.t 
196. THEORY OF COMPOUND INTEREST AND ANNUL- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Thoman. Fourth Edition. 4S.t 
199. THE COMPENDIOUS CALCULATOR; or, Easy and Concise 
Methods of Performing the various Arithmetical Operations reanired in 
Commercial and Business Transactions ; together witA Useful Tables. By 
D. O'GoRMAN. Twenty-seventh Edition, carefully revised by C. Korris. 
bs 6d., cloth limp: 3s. 6d., strongly half-bound in leather. 
204. MATHEMATICAL r^^ZAS, lor Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hrnry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomv. By Prof. J. K. Youno. New Edition. 4s. 
ao4». LOGARITHMS, With Maihematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. ByHBNRYLAw,M.Inst.CJS. New 
and Revised Edition. ( Forming part of the above Work). 3s. 

HI. MEASURES, WEIGHTS, AND MONEYS OF ALL NA^ 
TJONS., and an Analysis of the Christian, Hebrew, and Mahometan Calen- 
dars. By W. S. B. WooLHOUSB, F.R.A.S., F.S.S. Seventh Edition, ss. 6d.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
ntion, by means of Arithmetical and Simple Algebraical E()uations and 
Practical Examples. Bv Francis Campin. C.E. Second Edition. 38.t 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 
I. CHEMISTRY. By IVofessor George Fownes, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

%. NATURAL PHILOSOPHY, Iniroduction to the Study of. By 

C. TOMLINSON. Woodcuts. 18. 6d. 

6. MECHANICS, Rudimentary Treatise on. By CHARLES TOM- 

UNSON. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been appliea. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 
7«. GALVANISM. By Sir W. Snow Harris. New Edition by 
RoBBRT Sabinb, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science. By Sir W. Snow Harris. New Edition, 

revised by H. M. Noad. Ph.D. With 165 Woodcuts. 38. 6d.t 

jM^ The % indicates that these vols, may be had stronf^ly bound at 6d. exfra. 

LONDON: CROSBY LOCKWOOD AND SON, 



WSALE'S RUDIMENTARY SERIES. II 

Physical Science, Natural Philosophy, etc., continued. 
II. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 
I a. PNEUMATICS, including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Charles Tomlinson, F.R.S. 

Fourth Edition, enlarged. Illustrated, is. 6d. [Just published, 

ft. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. Witb- 
Plates and 300 Woodcuts. 78. 6d., cloth. 

96. ASTRONOMY, By the late Rev. Robert Main, M.A. Third 

Edition, by Wiixiam Thynnb Lynn, B.A., F.R.A.S. 2s. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and* 
Central Forces. By T. Bakbr, C.£. Fourth Edition, is. 6d. 

173. PHYSICAL GEOLOGY, partly based on Major-General Port. 

LOCK*s"Rudimen to of Geology." By Ralph Tate, A.L.S., Jcc. Woodcuts. 2s. 

174, HISTORICAL GEOLOGY, partly based on Major-Gcneral 

Portlock's "Rudimento." By Ralph Tatb, A.L.S., fcc. Woodcuto. 2s. 6d.. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

h. Historical. Partly based on Major-General Portlock's "Rudiments of 
174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.» 
183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L.,. 

& formerly Professor of Natural Philosophy and Astronomy in University 
.9m College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
*^* %* Sold also in Two Paris, as folUnns .— 

183. Animal Physics, fly Dr. Lardnsr. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIII. 3s. 
269. LIGHT : an Introduction to the Science of Optic-, for the Use of 

Students of Architecture, Engineering, and other Applied Sciences. By E. 
Wyndham Tarn, M.A. is. 6J. [Just published. 



FINE ARTS. 

10. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Studento and Amateurs in Architecture, Painting. &c. By Gborgb Pynb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
GLASS, From the German of Dr. Gbssrrt and Emanubl Otto From- 
BBRO. With an Appendix on Thb Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudhnentary and Practical Treatise on. With 
numerous Examples. By Charlbs Child Spbncbr. as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charlbs Child Spbncbr. is.6d^ 
69-71. MUSIC isf* THE PIANOFORTE. In one vol. Half bound, 5s. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 



John Times, F.S.A. Fifth Edition, revised and enlarged. 5s.t 
i86. A GRAMMAR OF COLOURING, applied tc 

Painting and the Arto. By Gborgb Fibld. New Edition, enlara«d and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 334 
246. A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 
PICTURE AMATEURS ; including Methods of Painting, Cleaning, Re- 
lininff and Restoring, Schools of Painting, &c. With Notes on the Copyists 
and Imitators of each Master. By Philippb Daryl. 2s. 6d.t 

(9* I^^ ^ indurates that these vols, may be had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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INDUSTRIAL AND USEFUL ARTS. 

13. BRICKS AND TILES, Rudimentary Treaase on the Manufac- 
ture of. By E. DOBSON, M.R.I.B.A. Illiwtrated, 354 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Bbckbtt, LL.D., Q.C. Seventh Edition, revised and en- 
larged. 4s. 6d. limp ; 5s. 6d. cloth boards. 

«3»». CONSl RUCTION OF DOQR LOCKS, Compiled from the 
Papers of A. C. Hobbs, and Edited by Charles Tomlinson. F.R.S. ss. 6d. 

163. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing^ 
Bronzing, 8cc. With copious Receipts, 8tc. By Walter Graham. n,X 

205. THE ART OF LETTER PAINTING MADE EASY. By 
J. G. Badbnoch. Illustrated with 12 full-page Engravings of Examples, is. 6a. 

215. THE GOLDSMIIIPS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By Gborob £. Gbb, \n,% 

225. THE SILVERSMITH'S HANDBOOK, containing fuU to- 
structions for the Alloying and Working of Silver. By Gborgb E. Gbb. js.t 
*♦»• Th€ two preceding Works^ in One handsome Voi.,, half-bound^ entitled " TM 
Goldsmith's & Silversmith's Complete Handbook," 7*. 

249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, By George E. Gee. is.* 

224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burgess. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. DiCKSON, 
M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.t 

Jf62. THE ART OF BOOT AND SHOEMAKING. By John 
Bedford T.eno. Numerous Illustrations. Third Edition, as. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the Various Kinds of Artificial Dentures,^ with Formulae, 
Tables, Receipts, «tc. Bv Charles Hunter. Third Edition, js.t 

270. WOOD ENGRA ViNG : A Practical and Easy Introduction to 
the Study of the Art. By W. N. Brown, is. 6d. 

MISCELLANEOUS VOLUMES. 
36. A DICTIONARY OF TERMS used in ARCHITEC7URB, 

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, <5^^. By John Wbale. Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 
50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged, is.* 

fi2. MANUAL OF DOMESTIC MEDICINE. By R. GoODiNO, 
B.A., M.D. A Family Guide-in all Cases of Accident and Emergency as. 
fi2». MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By the Rev. Jamrs Baird, B.A. is. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON TBE 
HUMAN UNDERSTANDING, With Notes by S. H. Emmens. as. 

it;4. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollvs, F.R.G.S. With i63Woodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 

Managiifflent, &c. By An Old Housekeeper. 3s. 6d.t 

i94» HOUSE BOOK (The). Comprising :— I. The House Manager. 

^ ra & By an Old Housekeeper. II. Domestic Medicine. By R. Gooding, M.D. 

[12*. III. Management op Health. By J. Baird. In One Vol., half-bound, 6t. 

935^ The t indic ates that these vols may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND SON, 



WEALE'S EDUCATION AX AND CLASSICAL SERIES. 1 5 

EDUCATIONAL AND CLASSICAL SEKIES. 



HISTORY. 

I. Kngland, Outlines of the History of; more especially with 

reference to the Origin and Progress of the Enelish Constitution. By 
WiLUAM Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of Balliol 
College, Oxford, as. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Present Time. The Continuation by 
W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events In English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hyob 
Clarkb, D.C.L. Fourth Edition, is. 6d. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan 
i8th Edition, is. 6d. 

49. Derivative Spelling-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R J^.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking ; Hints for the Pulpit, the 
Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated from the French. 8th Edition, carefully corrected. 2s. 6d. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 
of. To which is prefixed, a Briet Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Wbbstbr. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely ; 

formerly H.M. Inspector of Schools. 

Introductory Primbr, 3^. 



s. d. 

First Standard . .06 
Sbcond „ . . 10 
Third . .10 


^0 *• * 
Fourth Standard . • • x 8 

Fifth „ . . . . i 6 

Sixth , x 6 


Lbssons from thb Biblb. Part I. Old Testament, is. 


Lbssons from thb Biblb. Part II. New Testament, to which is added 
Thb Geography of thb Biblb, for very young Children. By Rev. C. 
Thornton Forstbr. is. 2d. %* Or the Two Parts in One Volume. 2s. 



7, STATIONERS* HALL COURT, LUDGATE HILL, E.G. 



WILALE'S EDUCATIONAL AND CLASSICAL SERIES. 



FRENCH. 
14. French Grammar. With Complete and Concise Rules on the 
Genders of French Nouns. By G. L. Strauss, Ph.D. is 6d, 

25. French-English Dictionary. Comprising a large number of 

New Twms used in Engineering, Mining, &c. By Alfred Elwbs. is. 6d. 

26. Englic^i-French Dictionary. Bv Alfred Elwks. is. 
^5,26. French Dictionary (as above). cJomplete, in One VoL, 3s. ; 

cloth boards, 3S. 6d. V Or with the Grammar, cloth boards, 4s. 6d, 
47. French and English Phrase Book ; containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Wor£, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S. A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. English-Ger- 
man-French. Part III. French -German -English. 3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

-Sc 39. Grammar (No. 39), in One Volume, cloth boards, 58. 

ITALIAN- 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol. X. Italian-English-Frpnch. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French- Italian, as. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwbs. Vol. 3. 

French-Italian -English, as. 6d. 

«8,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form, With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 



Including a large number of Technical Terms used in Mining, Engineering, 8tc. 
with the proper Accents and the Gender of every Noun. By Alfred 
4s. ; cloth boards, 5s. \* Or with the Grammar, cloth boards, 6s. 



55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, 8tc., with the proper Accents and the Gender of every Noun. 
By Alfred Elwbs. Second Edition, Revised, 5s. ; cloth boards, 6s. %• Or 
with the Grammar, cloth boards, 7s. 

HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. HebreiHr and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 68. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44*46. Hebre^wr Dictionary (as above), in Two Vols., complete, with 
46*. the Gramm ar, cloth boards, 12s. 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas GtOOOWIN, 
M.A., Head Master of the Greenwich Proprietary School, is. 6d. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

MA. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as abovef. Complete in One Vol., 3s. 6d. 
cloth boards, 48. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabuferies and Explanatory Notes, by H. Young, is. 6d; 

2. Csesaris Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 
c. Virgilii Maronis JRntls, With Notes, Critical and Explanatory, 
by H. Young. New Edition, revised and improved With copious Addi- 
tional Notes by Rev. T. H. L. Lhary, D.C.L., formerly Scholar of Brasenoso 
College, Oxford. 3s. 

£• Part I. Books i.— ri., is. 6d. 
3 * Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saecukre. Notes by H. 

Young, is. 6d. ^ . *, . 1 -rry •« 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 
f o. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, MA. as. 
f I. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev 
Jambs Davibs. M.A. is. 6d. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Cntical, bv Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialog!. With Notes by W. Brownrigq Smith 
M.A., F.R.G.S. 2S. , „, ^ ,, 

16. Livy ! History of Rome. Notes by H. Young and W. B. Smith, 

MA. Part i. Books i., ii., is. 6d. 

16*. Part 2. Books iii., iv.j v., is. 6d. 

17, Part 3. Books xxi., xxii., is. 6d. 

10. Latin Verse Selections, from Catullus, Tibullus, Propertius, 
and Ovid. Notes by W. B. Donnb, MA.., Trinity College, Cambridge. 2». 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Patercuhw, Valerius Maximus Sueto- 
nius, AptJeius, 8cc. Notes by W.B. Donnb, MA. as. 

21, Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscOTT, B A., Lecturer on Logic at King's College, London. 28. 
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14. Greek Grammar, in accordance with the Principles and Philo* 
logical Researches of the most eminent Scholars of our own day. By Hans- 
Claudb Hamilton, is. 6d. 
ic 17. Greek Lexicon. Containing all the Words in General Use, with^ 

their Significations, Inflections, and Doubtful Quantities. By Hbnry R. 
Hamilton. Vol. i. Greek-English, 2s. 6d. ; Vol. 2. English- Greek, 2». Or 
the Two Vols, in One, 4s. 6d. : cloth boards. 5s. 

■4»'S« Greek Lexicon (as above). Complete, with the Gbammar, in- 

17, One Vol., cloth boards, 6s. * 
GRKEK CLASSICS, With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Youno. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
1, X. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part i. Books 1. to 111., 
IS. Part 2. Books iv. to vii., is. „„ ^ , , „ . j -xv 

4. Lucian's Select Dialogues. The Text carefully revised, with 
Grammatical and Explanatory Notes, by H. Young, is. 6d. 
C-I2. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. ±1. 1-* 

The lUi^V"^' Part u Books* i. to vi.^ I8.6d. Part 3. Books xiii. to xviii., is. 6d 

The Odyssby: Part 1. Books i. to vi., is. 6d Part 3. Books xiu. to xvni., is. 6d. 
Part 2. Books vii.toxii., IS. 6d. Part 4. Books xix. to xxiv., and 
Hjrmns, as. 

M. Plato's Dialogues; The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hbrmann. Edited with Notes, Critical 
and Exolanatory. by the Rev. Jambs Davibs, M.A. 2s. 
,4..7.Herodotus.^he History Of, chiefly after the Text of Gaisford 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary M.A., D.C.L. 

Parti. Books i., ii. (The Chp and Euteroe), 2S. 
Part 2. Books iii., iv. (The Thalia and Afelpomene),2s. . 
Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), as. 
Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 
18. Sophocles s OEdipus Tyrannus. Notes by H. Young, is. 
io Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milnbr, B.A. m. 
2X Euripides : Hecuba and Medea. Chiefly from the Text of Din - 
^' DORF. With Notes, Critical and Explanatory, by W. Brownrigq Smith, 

26. EJiripldesf Akes^^ Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 
to Jlschylus : Prometheus Vinctus : The Prometheus Bound. From 
^ ^e Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 

bv the Rev. Jambs Davibs, M.A. is. . . «« v 

12 ^schvlus : Septem Contra Thebes : The Seven against Thebes. 
^ From th^e Texi of DiNDOltF. Edited, with English Notes, Critical and Ex- 

planatory, by the Rev. Jambs Davibs M.A. is. ,, ^^ , . « „ 
40. Aristophanes; Acharnians. Chiefly from tjie Text of C. H. 
^ WRI.5R With Notes, by C. S. T. Townshbnd, M.A. is. 6d. 
41 ThucydTde^s:mkoryofthePelopo^^^^^ Notes by H. 

42. XeToVon's'Pantgyric on Agesllaus. Notes and Intro- 

43. Bemoslhenes^^-^hro^^^^^^^ the Crown and the PhiUppics 
^^ wTEngli^h Notes. By Rev. TH. L. Lb ARV, D.C.L., formerly Scholar of 

Brasenose College, Oxford, is. 6d. _^_ 
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